WD 2011/ 064562PCT/ GB2010/ 051619 1 Novel Product and Met hod The present
invention relates to the treatnent of wool and wool blend fabrics to

i nprove sondaviomt2per f ormance, in particular 5 to redueeTddB2kagaddue to
felting during | aundering. The term'wool' includes not only the fibres
derived fromthe Caprinae famly, such as sheep, but also the hair of
certain other species of mammals, such as goats, |l amas, al pacas and
10rabbits (e.g. cashnere, nohair or angora). \ol flbre is a popul ar
material for naking garments, ek §rPtechppearantedand handling qualities,
as well as its thermal insulating propertles However, the di sadvant age of
wool and 15 wool blends is that it can shrink during Iaunderlng The

probl em of SAFi Pk&RFEH STUTRHY FErPFRY Cadded th§> MBIt PitbFe®s aét%ﬁ’P@%

sthr ucture, e@e%ﬁesﬁamcenltan%p&whe Q@ﬁtﬁ@(rlal@dp@blf@fmaﬁidj’ef a@glﬁaltfﬂlcdu]eaf:lt i's
this outger surface cuticle ichis 20 esponsi.ble for felting
shrinkage. FRe’% ‘?%F%I&BHiﬁﬁée? an E%tgﬂﬁtgPél&ﬁ %ﬂpdﬁéﬁﬂﬁes fatty |ipids
covalently bound to a proteln surface, which prOV|de sonme natural water

repel | enc The cuticle_ a conpri se oc ticle.whic ar d
SRR o A ad it ok siia g ds s N S AU RATE S

fibre from Uﬁphﬂrﬁnd:a‘lamdag‘agﬁlchThJsS shegp d 18itr fataee SHa wetivr ef ofedtrgn
exocuticle | s, res onsi bl e, for al dlrecﬁlonal ric% onal Efect %QFE) whi ch
| eads to woSF Fel Ti%g Sdurl il T5uRder 'ny.>B3G°Midn t1HEFi brek &t BEi ng

| aunder &d, theyrareesgbjeathmaremamehalheaiaagdrnEchanlcal agi tation,

causing the fibres to interlock. Due to the nature of the exocuticle,
fibres can slide nore easily in one direction than the other leading to
preferentialo85 it rectipirallarpwrenenta Wfiochme ausegyarekeht ag. duao its
2011/ 064562P 010/.051 ficient f i.0 he "with'
scal e d|rect?%écgéu%ESgétﬁ%ﬁﬂﬁhg?ﬁgggggégﬁs?g ¥§£}e£%ﬁ%ec?P%ﬂm%he to the
har dness of ihhel&tialoe pedger @i |t§0Wawwmoﬁh@eﬂeﬁﬂﬁﬁﬂdwxwemhemxﬂta@dnes into
cont act i { Ro0t Nefediesy TN o esul bnof ol g BRE 18,4d18k 45 the Tibres
progressively lock together, e yarns cl oses up and the fabric shrinks
irreversibly. The major nethod of treating wool to nmake it nmachi ne washabl e
is the chl O&hee%ttﬁaleesett sPEORESS, 1Whieh @) 1811 ong Bk and, spmpth” 10 the
surface scal es hence elimnating the DFE. The process involves a series of
aqueous bat A3Prataradnrgeni $hrwdivd eehfor i ifdtlingnor 2 hodinky chetepiaddt i cl e and
thereby inpantemelt,aicki by i reate E@&thy%uﬁeﬁcéﬁfﬁkﬁé tyeiofe thg cheagtive
pol ymer bondi ng and rai se surface energy to allow the polymer 15coating to
spread. 2N sopseiieht rseRpF P Entioghfott 1t isbAirkaeut ral i sati on whi ch
creates further reactive functionality for the reactive polyner bondi ng and
renmoves residual chlorine fromthe fibre. This step is foll owed by

appl i cati on™8f tHe P6I FABPL1LUT CENPRECENS ¢ yPRg" 2P ITHES FE?EB%éﬁPlﬁélyner

is a soft, eathodiw @achiive epigehlerehydrdarcpolyam decwhizehs@xdhausts onto
t he negatlvel charged wool fibre and covalently bonds to the fibre

sur f ace. 4KS (e SScaPReEEgEY - s 68l THitafi AGST HETBEESS25°The Chl ori ne
Hercose125 peeee@tsldtse dasenihed 4 rigbaesdetaiel sthudtuBhavngeMiy othite,
Chapter 5, P.346 (1984), Handbhook of Fi ber Science & Flber Technol o Vol .
1. Chem 6aP P busesingCot SFi Bere BERHEr cde PARGts o TFPRi SHAEAPatt B
Edited by Miad@sewimhi& Bighi éﬁﬂﬂa@e Marceurbekkethd necoculewl &ark. | SBN
0-8247- 7118. The . ri ne He cose ocess .is al so descrihed in both J.
Lo s ol TEEI SRR TP e oS Tt Teo D ana hnah TETT kapse. dER Wood &
M T. Col dsnilthgs Textuidoe Eenuhapkmmehg B5inB4i104969). WO

2011/06§ 62PCT/ GB2010/ 051619 3 The Chl ori ne Hercosett process has the

di sadvant age that adsorbabl e organohal ogens (AOX) are produced in the
chlorlnat|0Whehagegihamssn@ﬂ@&hamgsmhwmﬂnmxitohee 5@u@hbje5tDurabkerwater

repellent c attqge Q] % are q;t n agded H%l%abEhe kmega qQQh%%&er
resi stant, or exanple Puoro gi and oboF are

fl uor opol yners t:@athengtstapeplct%cthleyemed:utuhém,stfnlyret%mm qﬂtesetr@@ ve water

Crapter 2. Br183 18 T EoR4)  RRbeaL off FLber Gei Guc & I Ber Fichnol bgy.

Vol . II35Chent@eﬁedhm@@@ésm@xpmﬁntwaeﬁe & Ealsr ifestikuncti onal Fi ni shes, Part
B, Edited by M Lewin & S. B. Sello. Marcel Dekker Inc., New York. | SBN
0-8247-7118 and al so F. Audenaert, H Lens, D. RoIIy and P. Van der

El st, Fluorochem cal Textile Repellents - 15Synthesis, and Applications: A
3M Perspective, J. Text. Inst., 90, 3, 76 (1999). The water repellency of
t hese fl uoropolynmers coatings tends to be reduced after |aundering, due to
reorientation of the fluorocarbon polyner chain. This is caused by novenent
of the 20 polyner to enable the hydrophoblc quorlne functlonal groups to

) .. o, . - o



WO 2011/ 064562PCT/ GB2010/ 051619 4 conpl ex. The properties of the resultant
coating can depend upon the nature of the substrate as well as the nature
of the noworzeri/ass®d and conditions under which it is depoTiGBd10/BG1AIf I r st
aspect of the present invention provides a nethod of treating wool in the
formof fibre, sliver, yarn, fabric or garnment conprising said fibre or
yarn, to prevent shrinkage due to felting during |aundering, the nethod
conprising applying a polyner coating by plasma polynerisation. 10 A sliver
i s carded aﬁgec% SHEBF ¢ orifed At ol A tithe "oF " f i Hrds. ITRecTEXt itiSe
Institute detkpetmnrslinvene asa@n nassesbl ageriobcti b esid RoCORE i MRS sEor m

w thout twist. 15 The fibre, yarn, sliver, fabric or garnent may conprise
pure wool offathooica epsrgmetbréndlaMhy ImsFSREFR HaktYuHaER gbe L Preas ma

pol yneri sat ii 880 Ofo rrmditf L«@@}Ei@dh;&f fﬁb§e§urm@clciets@1$ QfﬁtﬁleSDFE abd enpel ?/mdsri C
coating layer y 20 suitably. used. Exanpl es of such nmononers include
those Knbwn PR LHRE S PTPET B CAAbLES b BRGURE ni hydrGBhObP s Oy BRI ¢
coati ngs ontsubsisateshbynpd asirevpekyweyi sation includi ng, for exanple,

car bonaceous conpounds having reactive functional groups, particularly
substantially -CF3 dom nated perfluoro 25conpounds (see WO 97/38801),

perfl uori natred madkenesto¥angrt etreal ing Ghern Mat eakd 996 ma2212e 2244)ablhyds ogen
cont ai ni ng sat ur at.ed conpounds _optional ly containi ng hal ogen at ons, or
por hal ogenal B T Hare SoRBotds FOPeaToT Gt 0 Bhr o A bre ] 08

98/ 58117), ohgamicfacenpoahds eonpr Edingndtimodoubdl eFhomts B0 D9/ 64662) ,
saturat ed ofganj o, camReunds naving.an entlonatly. spbstituteg,al ky chain of
at |east 5 carbon atons opfi onald y mterpoéeé M th 4 "het'efoat om (WO

00/ 05000), opteoaEtdipnsabstheodivivedhal kyhes QWO 804 20k3@Pby pobyet her

substituted . (US 6,482, n r S: CO i nj at | east one
WD 2011/ 064§§EE%%G%§%018?%%‘?‘%%%%3&&6@%&9%&{%, 0%9,@%%4%,9%% content s
of all of whpéhnar édngietnaidicoriper atethdyy enefey encellowAthardlowlear gr oup
of nonomers ' ed, t 5. Ccoat. : resent

i nventi gﬁ i ﬁ%tﬁé% 8?\ (2 o] Sglgr%rrg‘?%%(el%tg% §309%1ed}go%?g%oﬁnﬁ R3 are

i ndependent hyutsedeictead ofir oimt Hy diregéns hattderalkkyet ivralfoarkydnaolitar ypr
optional Iy sybstitytied By1hal.0nARnRAdS Re@LOUP:s KRB IWIRI S B2 iSoAN
al kyl or hal oal kyl group and X is a bond; a group of fornula -C(0)0-, a
group of fokhal B1R1E-0) GpErytdry 1s wWaeke'stl by anPiitdger eof thromcolvieri0 and
Y is a 15sukphonamde drQupinpr a group -(0)pRE(0), (CH2)t- where R6 is aryl
optionally substituted by halo, pis Oor 1, gqis Oor 1 andt is O or an
integer?®f from1 to 10, provided that where g is 1, t is other than 0. 20

As used thergbnudhe de@tnMoh@ld” i@r 2" bakogentinef ersed@ifkuorine, chlorine,
brom ne and iodine. Particularly preferred halo groups are fluoro. The term

"aryl " ref eFBIEHIABHEETE RYLIFTE IGr BPS SHRVESS pPrerRy 16 PASPHIRAY, in
particul ar phenyda wHie term "alkybvaredens tbadqst faight rep-branched .chains
of carbon 25 atons, suitably of up to 20 carbon atons in length. The term

"al kenyl " rBfefS tE SCRAFgRtIOT SBr ShchEd indatlf at’dt chai ns suitably having
from2 29 20 carbon atonms. "Hal oal kyl" refers to al kyl chains as defined
above which_include at | east one hal o substjtuent. 30 Suitabl e hal oal kyl
groups for R3S BRIORICaHG™ B Hrle PFPHDT Dal kytSGF bUpS. T PTHET &I K§t2 Chalns nmay
be strai ght Tor shdvanchedaranghimy, ichebtude Tyd.B3ecnpi #44)eS Handdok of

2011/ 064562 / GB2010/ 0516 6 For R5, the _alkyl_chains suifably conprise 2
or more cor BORERCSHERCEF (SHTSF PRGRMSLAY ‘cdPbont bt QrERHAAL pF EVERABIS 1 f om 4
to 12 carbonfaromsrs 3FEebRl¢s Rruandi&3l alikykhebai msrtape genesaldyy M.
preferreg to have from 1oL 6 qarbon atame. Preferably B i palgal kyl,
and nore prefeerab‘gfy a per%a} oal Kyl"~gr oup, parfl cularly a per? uoroal kyl
group of formuba VnFZhlprind Hamresetn pso@ssi bt egeso afestrobedroire bostui t abl y
from 1-20, and. preferably.from4-12.suc s 4, r 8., Suitabl e alkyl
groups for EZ,L Sdn&%&g Rave Fr g%vf[evtvbr%ecgr 5(1327& S, %goﬁlﬂ gjn'eKa)éZ’
enbodi nent, Gat Fl| gastd en¥. d8f RZ,dsR2thndR3<tigdehydnefmrturen, a%pard4d cul ar

enbodi nment K2, R3 are all hydrogen. In yet a further enbodi nent however
R3 is an al ky? group such as nmethyl or propyl. 20 Where X is a group
-C(0)0(CH2)nY-, n is an integer which provides a suitable spacer group. In
particular, nis froml to 5 preferably about 2. 25 Suitable sul phonam de
groups for Y include those of formula - N(R7) SO2- where R7 is hydrogen or
al kyl such as Cl1_4alkyl, in particular nmethyl or ethyl. I n one

enbodi nent, the conpound of formula (1) is a conpound of 30formula (I1)
CH2=CH -R5( Il ) where R5 is as defined above in relation to formula (1).



WO 2011/ 064562PCT/ GB2010/ 051619 7 In conmpounds of formula (I1), "X wthin

the X-R5 group in formula (1) is a bond. However in a preferred
enbodi mrerw9 20hieemapound of formula (1) 5is an acryl at epofi/dBoroulsas101 1 1)
CH2=CR7aC ( 0 ) O ( CH2) R5( I I 1 ) where n and R5 as defined above in

relation to formula (1) and 10R7a is hydrogen, Cl_10 al kyl, or

C lohaloalkyl. In particular R7a is hydrogen or C1 _6alkyl such as nethyl.
A particul ar_exanpl e of a conmpound of formula (111) is a conmpound of
fornula (1VF'® HiEre2feHRraE Ox PERSEF V) a5 tiRef &S RV2 1 §98s T i ned above,

and in partkeybabaiis BYdrOGEM AfResX A@X)araﬁengo@g@uc&f ifol @Ak 1ok B inak@bn
i nstance from4 to 9, and ﬁgef erably 7. In_that case, the conpound of

formula (IVPErEe1IEaH919R, 2 %W&HE&%‘F?J&@&EW%?}/I ate. 20 According to a
particul ar enbodi ment, the polyneric coating is fornmed by exposing the
fibre, yarn,_ sliver, fabrlc or gcarrrent topamaco risi gne or nore

organi c nSHEF 2 c?”&ﬁﬁ&iuﬁﬁ%el]aﬁn | €88t Ufe G wnith gg%
car bon- car baapdotb e hardstiar 2ca seffdtcinent f@ﬁféxmhp(lfe FlleBrdp_QalathW a

polyneric layer to formon the su Suitably the conmpound, h nore
Phan one. doyFE o SEBnaP? S60 3 do ROt OF TF6t rit s (o) SBP R i "R: <
RO -\ Z> Rﬂlamlmg&mh%@&&&m@%&&&ﬁd}s}aﬂ:el&mr@uRBblMaﬂak R11,

R1-2, and R1-3 e all inde ende tI cte from hy al 0, | kyl ,
hal oal kyl of “BFy1=bp OSﬁaW% et %eu or° %arfd%% Py %r. dgl%

group. 50 Examee)s, OfanslbDDHbeE Ebrbledgsngergreoupglzef OJi‘eq;mengyt heolcorpound of

formul a (\/) are. tl’i e knowQ in L4 t%e ygrefrabq:rl'g: I]pu %rltolngyl ]glrntqq%\é i ncl ude
optionally SU%S%Iaf ute ark Ifg roups whi ¢h posed W th oxygen
atons. Suit&bke BHpthdoneab 11@ Mullstiituent s H. orSeEl)FLo dQﬂa@egr oapkeZ Iimgcl, ude

per hal oal kyl,_gr p l-ar o p | uar oal k S.
particul arly %rg r'r eéBNng dilﬁJ il ?ngxu(%%ta% “i ncI ud&s one or
nore acyl oxodty este® .gveupder IEriSparFlde@hemlsal HeerrildgRege greoup of

formula; ¢ '%gﬁ‘t%&@ %ds}q‘gp fﬂfa@i ﬁs(VA)3 Pe‘@’@ﬁé@tﬂz S jantLaf egerof froml

to 10, suita rom1 each s i ndependently sel ected
from hydrog@ﬁ; hal®, @GPRY! - or hal oaI kyI 20 Suitably R8, R9, R, Rl11, R1-2,

and R1-3 ar %Q%Q@érkwepéy%aﬁ Je yacoal Momgel{}a{éif@%@uh o parijcybar they
are all hydrogen. tably the conpound formul a cont ai ns at

| east one ZSehaﬁﬁ@mGI@ylafg?éukﬁW&eéﬂégab%ﬁ a?opéﬁﬁa%%aléylongpéu@e Parti cul ar

exarrpl es of f@Q@P@é’Hl%%no %ﬂem'”c@la(l}‘{) T}mﬁ! Ll@e crangecﬁ Q:U %Wv@gent Vé@ the
2011/ 064562PCT/ (3B2010/ 0 16 wherein R1-4 and R45 "are as defi ned above

and at PlasPodrechftoreaapte RIS hivdrephehl ¢ HAHORYMR ogBIEt AN phrdi Cwisa©

exanpl e of sugh,&scanpoung:d scihecgempoung el kQeaulAaB. £50h)dl2 W&G8EL7 B
In a further e od| ment, the polyneric coating is forrred bg exposi n% t he

fibre, yarn2sefiiRerclepabric Bt gAPRBARI t & -Hl-adk@ning) or hot drying o

the fabric is required to restore water repellency.

25 Plasma deposition techniques have been used for the deposition
of polymeric coatings onto a range of surfaces, and in
particular onto fabric surfaces. This technique is recognised
as being a clean, dry technigque that generates little waste
compared to conventional wet chemical methods. Using this

30 method, plasmas are generated from organic molecules, which are
subjected to an electrical field. When this is done in the
presence of a substrate, the radicals of the compound in the
plasma polymerise on the substrate. Conventional polymer
synthesis tends to produce structures containing repeat units

35 that bear a strong resemblance to the monomer species, whereas a

polymer network generated using a plasma can be extremely



10 conprising a nononeric saturated organi c conpound, said conpound
conprising an optionally substituted al kyl chain of at |east 5 carbon atons
opti onal Iwoi2ntiewgssed with a heteroatom for a suffici enPCpaB200/Bi619i ne to
allow a polyneric layer to formon the surface. 15 The term "saturated” as
used herein neans that the nonomer does not contain nmultiple bonds (i.e
doubl e or triple bonds) between two carbon atonms which are not part of an
aromatic ring. The term "heteroatoni includes oxygen, sul phur, silicon or
ni trogen 20CaFBHE: - WIEFePt RS URYI ©Ehkih ﬁ%uﬂﬁﬁ%gp%?édnﬁycén fiY%ed¢en at om

it will be sgbstitditeduse as i kabBtaasecendary o8 drer hhahye aff Rle
Simlarly, silicons will be substituted appropriately, for exanple with two

al koxy gr ouP§™oB% part euf af 13 SdPPabr e SroRGHERi tF orgaPeSEbipounds ar e
those of formula (VI1) R16 R17 R18R19 WO R21(VII) V\D

2011/ 064 62PCT/ (GB2010/ 051619 10 R1-2R1-9 where R1- and are

i ndependent Pyt 567 e %8G °F r 8m MdPEGERT T hﬁ}vﬁﬁéﬁonaﬂ’]ﬂ?‘fldeﬁaﬁoﬂ?wd &t aryl
optionally substiﬁgﬂv@dlbyn helo;foandoRNfilsred guoupr X yaR212 whiere- 22 is an

al kyl or hal oal roup and X |s a _bond or a grou f or mul

30(0) 0( 12y 995 te P R s 2R SR g2PTorT Sate Fo e ERG. P SR B0 or a
sul phonam dEng@llth,ngOIdualgc_lj o:ljapmd(e@)LEdje, Za(d))r@(tﬁbla)&empmgﬁegliaﬁp]ﬁn@r wl
optlonallysustltute% ¥ ol % .S isOor 1 andt is 0 or an
integer of Fromd t¢°1o" r%\P d8d°t Ra y% & $°F's5 1, t is other than 0. 10
Sui t abl &0 hal oal kyl groups for R16, R17, R18 R19, and R2 are fluoroal kyl
groups. The al kyl chains nay be straight or branched and may include cyclic
noi eti es and bavesr figr cexaapland rompddtwwdB carben attone. tibe For RR2est he

al kyl chain u I} o] | ye f

car bon atorré gn%é%%e%eggg?{{%%o%egg %Zs%ge%o%sg%rg%% ghé’(?gf&/efréfrﬁ 2 i's
a hal oal kyl inapehtioreugr épen abltyloatpwm oal kyl group, particularl y a
perfluoroal kyl group of fornula CzF2,pl where z is an integer of 1 or nore,
suitably from 1-20, and preferably from6-12 such as 8 or 10. 25 Were X is
a group -C(0)0(CH2)Y-, y is an integer which provides a suitable spacer
group. bh parei Ethza, ygrns $¥oprt febsic mrrefleraphy mogPmRrise rSyiet abl e

sul phonam de,gf oups, fwgle/lwllyq@el\, thosg of formula - 30N(R23)502- where R23
i s hydrogen, alkyl or hal oal kyl such as Cl1_4alkyl, in particular nethyl or
et hyl . The nononeric conpounds used preferably conprises a C6-25 al kane
optional Iy gubstdidiead -yt hal esl P1pald iseul Al - 835 perhakoal kane; .and
especially a perfluoroal kane. 2011/ 064562PCT/ GB2010/ 051619 11 Accordi ng
to anot her 4$pelt ,SUWHEHoFynEr e Acat FHY G SOLBPRELS 5PExpBst MR HEYT i bres,
yarn, spoveguitabri GeOtisgal Miant0epl &5 MuGORBAbGENY ik 10pE | ©dd ¥nown
substl tuted al kyne for a sufficient per| od to allow a polyneric |layer to
formon thel8ulfacEt 5°SHF t AP IENBT AP KA 1EGnPBITHRI Ud EdPR O 'Se” chai ns
of carbon atessind NGnudubgt &Ne: OHyNPILsArdQRmeas KO dnf Hipkeudongs fofhe
chains may be optional|y interposed WI h_.a heteroatom and nay carry

subst it uent §*f Jr‘?!dlcﬁéb%fi?@%oua%‘fowﬂlé? § et P8naT 2 griotps " it Bt abl e

chai ns, whi ghoumy, Qﬁﬁhbﬁl@ﬂty arubbranehed,y have cfdnﬁﬁh?eaOp&(ﬂe;aﬁ:bon at ons,
nor e su abI fro to 1 € ons. e resent_eith in the
rmnorrer se& %O%ln a°tfn nﬂ%%:égﬁg’o?eﬁéf %énﬁy%(gtaelg‘epﬁst ‘@arhgor? rrer on
appl i cationaof, t(hﬁerrpMaSB’B. 199, a&amalamzb)y, tkﬂyelrbgdétg @pﬁaungn@S Particularly
sui tabl e rmnonerl c LQrgani ounds ose. o S)

R24- CC- X' - RIGTWI 3%‘3\/\%%0“ ollr%gcé%1 ? 8Foa"r‘ 15 %Ral oal kyl
or aryl optpenatlogesulstli bmaedcbycomab@r;d@( ofi staldzmrtd 1@r carqu d@omgs group;
and R25 is ap_al | k or. aryl group tlonall stltu

hal ogen. 25%§UI t%%lge8 %)rélggg?ngy ragﬁﬁsc%pc%nc Succle lE;rrlosulﬁl forrm EOOH?&HZ)
s-, -0CB0 (CH=y ?)9/646(6@9-{2)8@@1(86le) ogcganic -CO(ﬂ@bIQ@dqs)l\Hla(VRZ@) aCHY)tiginalfy
(CHZ) N( R26). 50 res s, or_.a eger, o] d q are

i ndependent y se tedc,,}\{%d %r m&?a%tneoéfr gto?é Srgcor% r}g&ggt]og% égi%%éa‘[g

hydr ogen, abkyérpayes] vakkyd Tm'tealoyﬂltorParWQ AW/ap0ad kylorgrionpsly or R26 i ncl ude
Cl16 al kyl, i [+ CU hy , I

hal oal kyl , iSPblng%det%gr gFFY@% ewgr ?%%?@5 ha ﬁe rom%f%tggl%§%€dr lt%r]fegtéarrs
WO 2011/ 064882 PCT 43B2618) O%IJ.CBI@CIQCycleS containing at least one



Sui t abl e hal oal kyl groups for R24 include fluoroal kyl groups. The al kyl
chains may be straight or branched and may include cyclic noieties.

Pr ef er ablwohonwese3ss2R24 i s hydrogen. 5 Preferably R25 i spPaTiGB208ld5¥419 and
nore preferably a perhal oal kyl group, particularly a perfluoroal kyl group
of formula CrF2r+1 where r i s an integerfpf 1 or nore, suitably from 1-20,
and preferably from6-12 such as 8 or 10. 10In a particul ar enbodi nent, the
conmpound of formula (VIII% is a conpound of fornmula (1 X) CHC(CF12)s-R27(1 X)
15 where s P&§ta5CHer dld abdie ‘ar8) R2Y"G SRARBAF kA ,2linparttCulcde a

per hal oal kyhesych a8scap6Bades par frkuerong@roup |i ke C6F13. I n anot her

enbodi nent, the conpound of formula (VIII1) is a conpound of formula (X) 20
CHC(0)0(Cl-12)pR27 (X) where p is an integer of from1l to 20, and R27 is as
defined abowephfti®lialkl ghot® JOMIUbAc{d Xniahomey b Wkt keubBddud ghreup
25c8F17. Preferably in this case, p is an int r of from1l to 6, nost
preferably &B3bt"2.CTotREr PSP éEVSFth%}rﬁﬁ’&ﬁggeo(f“‘fpc?ﬁW&Fao%|§O%Pléa
conmpounds of(zformula (XI') 30CHC(C1l-12)p0(CH2),,R27,(XI) where p is as
defined above, but in particular is 1, q is as defined above but in
particular is 1, and R27 is as defined in relation to formula (1X), in
particular a group C6F13; W& 2011/ 06@8562PCT/ GB2010/051619 13

CHC( CH2) pN(R26) (CH2), R27( Xl Iz where p is as definedlabove, but in
particular is 1, g is as defined ab ,out in particular is 1, R26 is as
defined above an in particulBf is hydfogen, and R27 is as defined in
relation to 5fornmula (I X), in particular a group C7/7Fl1l5; or conpounds of
formula (XIl1) C-1C %CHZ) pN (R26) SO2R27(XI'11) 10 where p is as defined
above, bt iheparki cBi and 8 RrR2énflspaxicefliyned! abiove fanni hvgardeineul ar i s
ethyl, and Re7,is.as detipedhin rel ation,1q.b9r il dX)uelf pantheul ar a
group C8F17. 15 In an alternative enbodment, the alkyne nonorer used in
the processand B E6mpoufrirof %F8r ieae( Xi V)5 RR8EEYICHZ) halos RA9RIORB1( XI V)
where R28 ignhydrogens akkyl .qcyel gal kylnyihal oalkyd- o, aryly 20 apthanal 'y
substituted by halo, R29, R3 and R31 are independently sel ected from al kyl
or al koxy, iR (PEtGfeular Q1R® &l Kyl 2brirgdlgeexy ot from pr épet? ethGriodpse R28
are hydiogenuofneldilae HRoRRS td:Cul 8hotd-635al kyl (ciPy ef emeed 8 aups R29,
R30 and R31 are ClL 6 al koxy in particular ethoxy. 30ln general, the fibres,
yarn, slivePPtiamily srPgatmemc 8 Beltr eatlédOi 8 plradedSwt Bf it @91 Asma
chanber togetheromidh ihhegemtar irabnt © e 1dgpeshy edbd ratUaBepUs; stat e, a

gl ow di scharge is ignited within the chanber and a suitable voltage iIs

appl i ed, whicchs nely"9e thal'sed. WD 2011/ 064562PCT/ GB2010/ 051619 14 The

pol ynmeric coating nmay be produced under both pul sed and conti nuous-wave

pl asma %fposition conditions but pul sed plasma my pbe preferred as.this
al | ows €Y osér BT roe6f "t he® ¢t ngt and so '¢he95br matcon of = yroras:

uni f or m pol yABEb+ tneSt ehufie. arki Asdused herelianlihey expresseé@malan a gaseous
state" refers to gases._or vapqurs, either glone or in mxture, as.well as
aerosol s. 18"PFREi %&Haf?ioﬁ@mhﬁaéW viHi h fﬁgeﬁT§§h€IB8F§ﬁ%fﬁ%: Con takes
pl ace i n angebfieetduce manpesny lolr vapytidependi pgrtjon sfraphergl suaheas t he
nature of the pol r.,, the fihres arn, sliver, fabric or garnent treated
and vi || be GElerMngd HSFRE routTRe: Mt fodb aREIST THA TeRhnitues, 15

Sui t abl 85 pl asoms, foritaseyi of ture twethock Bfort heonaventliecpthncl Tide term

non- equi | | bulym pl asmas such, ag Lhose generated, by, radigtrsayencies (RF),

ni crowaves or direct ‘CuUrren ( ).g ey nay opeéerate at atnosphéeric or

sub- at nospheritalpredsuries fsorare t202knoawbannathes ar'tdallbalpatt iciflears to
however, they, g e.gener ated. by, radlof L eguencies, (R YarLpus,d gms of
equi prent nay be Used to gener ate gaseous pl asnas. Ceneral y these conprise
cont ai ners epbptasmatchanbers 25 in which plasmas may be generat ed.

Parti cuk@r exanpl es of such equi pnent are described for instance in

W2005/ 089961 and W02/ 28548, but many ot her conventional plasnma generating
appar at us afeibwvaid disllealBYl Theugas fpr esenk’ WR hitd tFheapd asiverehahber may
conpri se a yapour ofpthe; pononer ,al gne. but. it (fRy, be, canbi ped, with a
carrier gas, I1n particular, an 1nert gas such as heliumor argon, TIf
required. | anpards cicaichedisimsiss a preferred carrier gas as this can

m nim se fragnentation of the nmononmer. WO 2011/ 064562PCT/ GB2010/ 051619 15
When used as a m xture, the relative amounts of the nononmer vapour to
carrier gas are suitably determ ned in accordance with



procedures which are conventional in the art. The anount of nononer added
w Il depend to sone extent on the nature of the 5 particul ar nononer being
used, thewoabuwmw4t t he substrate being treated, the siPeTaB20ived5pd1asma
chanber etc. Cenerally, in the case of conventional chanbers, nonomer is
delivered in an anount of from 50-250ng/ nd nute, for exanple at a rate of
from 100- 150nmg/ mnute. It will be appreciated however, that the rate wll
10 vary depending on the reactor size chosen and the nunber of substrates
required t o¥BE Proééssetkdt HRées THI'SNLN FUFRrfspends BIrTsiisPaegr ati ons
such as theazapnyalsdikeeughs pit r-equis esbrand okbeat@p deal rabt | ayzonla €arrier
gas such as _heliumis suitably adm nistered at a constant rate for exanple
at a rate of“f roMB: 96°8fandard cubic centimetres per ninute (sccn), for
exanpl e from 15-30sccm In sone instances, the ratio of nononer to carrier
gas will_be in the range of from 100;0 to 1:100, for instance in_the range
of 20 from IB*0ftrof1: Rafdtiyn partit i ar 9585t 1 E 66617 90.5°ThE Vpr eci se
rati o sel ecttednw ldo lBecaobas dt@rensure that the flow rate required by the
process is achieved. In sonme cases, a prelimnary continuous power plasm
may be 25struck for exanple for from 15 seconds to 10 m nutes, for exanple
from 2-10 npratesaiivt B ni ¢ ke hahaableyl, Bhidsmomy acifeasbay salrfeat@loalkyl
pre-treatnment step, ensu i ng that %Te nonQIer attac@g% its§lfC eadily to
the surface? $6°t Hat™ as"pot yher iFSati 6h- occurs? e Coat’ihig ® growi™ on t he
surfacel0 Thehpre-it risatmenttsiep ofay 30 ryerecondutileldy Bebar e-hdnemer i s
introduced into 1 chanber,.in the presence only an inert gas. In one
enbodi nent , pfﬁge?ar@ryt Qégrél léolnéprs‘ﬂ{éfgsagrg’oﬁé.1 OIV\%' 2011/ 064562PCT/ GB2010/ 051619
16 In all cases, a glow discharge is suitably ignited by applying a high
frequency val t .. f.qr__ex e 13.5 is.ls l i e i
electrodes,%&%?%ﬁkﬁégkgg %?g?hg%rog’eggt%ﬂ%}bt%a% éﬁgﬁa%bg?%§5%%bfﬂ t he
case of | argeemehanbers are generally 5internal. Suitably the gas, vapour
or gas mxture is supplied at a rate of at |least 1 standard cubic
centinmetre per mnute (sccm and preferably in the range of from1l to
100sccm  10Innotheerdasieneht t e reaoher s afolr, R hint RS suiltvabbgesuppl ised at
a rate of fggm%l%qo@%gamg& s org:example at ogka0mofm nyt ¢ dependi ng
upon the nature of the nononer, the sjize of the chanber and the surface
area of thefprbkictertparingra MSepart Redlsapnr abkWhidrsrrt fiectpdssedtiol tage i s
applied. It pmgy,however, be nore appropriate for industrial scale use to
have a | xed to%al nononer delivery that will vary with respect to the
definedz%rocess time and will also depend on the nature of the nonomer and
t he techni cahegl fiects negubhed.c @9oEas8SYOf VaROUKS: fYyde wilekh vieFed deidt 0
the plasnma chanber using any conventional nethod. For exanple, they nay be
drawn, injeét &8 et l5ufpeact M ®¥he pladt CEgR6N. " 1P ﬁépfﬂingutf%r?' where a

pl asma chanbetrésanisedpogases or vapours may be drawn into the 25 chanber
as a result of a reduction in the pressure within the chanber, caused by
use of an evacuating punp, or they may be punped, sprayed, dri pped,

el ectrogs at sgaltdyld oniipedndfiddjeeetipd fdt o tihelchanieiseasri so&QMOA i N

|l iquid handling. 30 Polynerisation is suitably effected using vapours of
conpounds fHﬁRgﬁﬁﬁpW@e6¥ Formul82995" ®Ai eh %4 Ui Afaf néd At priéssures of
fromO.1 topd0Ontrar, meuhyabdy eathyabout 10- 100ntorr. The applied fields
are suitably of power of from5 to 500Wfor 35 exanple from20 to 500W
suitably at about 100W peak power, applied as a continuous or pulsed field.
Wher e used, Ipubsesramoelin¥W 20 @64562RCHCB20401H501619s14 satriricalbldy cappl i ed
in a segyence M@%gh]%Selds very | ow average powers, for exanple in a
sequence i n WRTeH tHe ratio of the time on : time off is in the range of
from1:100 to 1:1500, for exanple at about 1:650. Particul ar exanpl es of
such sequence 5 are sequences e.paower is on_for 20-50ps, for exanple
about 30ps, and off for fron1183%{§C$§¥§0000115915n particul ar about
20000ps. Typical average powers obtained in this way are 0.1 - 0.2 W 10
The fields i<t abl A ds t i hut es, preferably
from5 to 6%%%%% eg,g %Sé%ge%] ingg %};g)%?lg fi%e%g?ﬂlr%n ot% ?géﬂ%g%p@ﬁd of formula
(1) and3%2he fibres, yarn, sliver, fabric or garnent being treated. 15
Suitably a plasma chanber used is of sufficient volume to acconmopdate
multiple fibres, yarn, slivers, fabrics or garnents. A particularly
sui t abl e apparatus and net hod for producing coated fibre, yarn, sliver,
fabric or garnments in accordance 20 with the invention is described in
W)2005/ 089961, the content of which is hereby incorporated by reference. In
particul ar, when using high volune chanbers of this type, the plasma is
created with a voltage as a pulsed field, at an 25average power of from

N NN A . N L. Y .Y o I o, . . Y. . A PNV AEY o~ N 1 . - o, rr



15 pressure, or close to, negating the need for "whistling | eaks". A second
aspect of the present invention provides use of a polyner coating obtained
by pl asmewpabywmessiégzati on on a wool containing fibre, yaPoTl/GB20mans1619abric
or garnment made fromsaid 20 fibre or yarn to reduce shrinkage due to
felting during laundering. A third aspect, of the present invention provides
a wool containing fibre, yarn, sliver, fabric or garnment made fromsaid
25fibre or yarn, wherein the fibre, yarn, sliver, fabric or garnent has
been treat edMattBrANG P& e et Hod) as HeddrbRA“Hb3VE t T Pevent

shri nkage duert@1d elityi ng dusdirg | aundering. A fifth aspect of the present

i nvention provides use of a 30 polyner coating obtained by plasm

pol ynmeri sation on a wool containing fibre, yarn, sliver, fabric or garnent
made from sabdeddbriey ar pyardrasi ampateficradiae bhpdiepeblent roat ing whi ch
does not_require post |aundering._refreshing. WO
2011/064%62@@3?%Ié§fﬁiﬁ6§1% o T Prefeftled features of the second, third,
fourth and fifth aspects of the invention may be as descri bed above in
connection with the first aspect,_-Throu ut _the ription and cl ai ns of
this specification, the 5 wort —¢%0§ﬁ$V§Q%25ﬁd "cgﬁﬁ in" and variations of
the words, for exanple "conprising” and "conprises", nean "incl udi ng but
not limted to", and dq-not exclude other nvieties, additives, _co nents,
"ot egers. or “BEEbST M SugiorE ST GROC BP1 Bh B oD MR B HiL TR

speci fi t&ti af, itheyd®®inngdl-ar a Bnconpasseshtheapkyr.al Innbessidhercarnit ext
otherwi se requires. | n particylar ere the indefinite article is used,
Che specif1 Gat PERI%™ 8Pns rderst Bl So "EonY bp At S BT ATy s Sal | as
singularityas oohessid lé Conmteda (T€Qui fese athepwndexf @olrenléedtUr es of the
present invention will becone apparent 15fromthe foll ow ng exanple.
Ceneral ly speaking the invention extends to any novel one, or any novel
conbi nation, of the features @isclosed in this specification (including any
acconpanying clainms angl drawijpgs). Thu Ee tures, integers,
characteristics, conpou hepica P 2 xe\scgu" groups 2Q|dpescribed in
conjunction with a pantf cul an7aspect, enbodi ment® or exanple of the
invention are to be understood to be applicable to any other aspect,

enbodi meft or exanpl e described herein unless inconpatible therewth.

Mor eover unl ess st.ated otherw se, any feature disclosed herein 25 may be
repl aced bngﬁr%tl%erjnsataisvgefé%?‘ﬁraé)o &r vitg ThE3SANE 6t d SsMHiF a¥*hurPose.
The inventianiwidd inewgbe pardricaubacdyo deser ibetakye waymol exagplaeas. 30 In
order to analyse the effect aof different fluoropol S coatings .on wool
and viool bl BRATFERIICS 1 b 6a'th FREF ent wiGTPEBRL o ni " 4Br | 68 Sanpl es
under went diifif ex g1, 2suhtacedddgatioentiscy TEheyilesdl ting coated fabrics were
t hen te§6ed for WO 2011/ 064562PCT/ GB2010/ 051619 20 water and oi
repel | ency, fluorine content and nechani cal properties. The fabrics sanpl es
test ed wer eAuntréatedowsopa rtGhiludrirnemb&d iHemeosehd paleatedcwordt iad is

pol yester/wal bl end fabrics,, .containing holl ow and | i.d pol yester
Prlamencs, | TReset SmsrBtily o B aPel W eriefn aadee S Pl oT St hone

t echnol ogy andsw tdvrgrpbasgreorpoloynmerrsatigmisysdermerilre cpgsabitdang acoat ed
sanpl es wer n. eval.u for 1iqui epel [ ter i dr.y 10
cleaning ange%Fgfnh ?gsggﬁgéﬁ%m%ﬁéggégﬁC%EE%‘Sﬁh%éﬁﬁ?%é?gﬁigﬁggg¥bgéfbon
coat i ng2zonparetificilkett heeeodidf ehaat tawollovont ad hinmy iffabeies twerferm100%
wool botany _serge (199gLn2, supplied by Waleys, Bradford), plain 15weave
chl orine-Hercosett treated wool (100% wool, 210 g/ nR) supplied by Bul ner &
Lunmb, Bradford and undyed wool / pol yester (60/4) blend fabrics (yarn count
60/ 2, 160 gkn®:) B} $QSUpRLL G Y «Bul RS & bhuph. Bradiornd, 20,8 ses
"traditional” fluorochem cals used were O eophobol SL-A 01, generously
donat ed by cPBRQURFth@®IFFasrepel VOWS from Devan-PPT Linited. (These are

st andar gy conmerci al fl uorocarbon polymer finishes.) 25 The SDC ECE
phosphat e- based reference detergent, w thout optical brightening agents,
was used during the wash gastnesR'{gats. It was used as the washing powder

addition because it is the\standard deterfdft in the 1 SO C06 wash fastness
tests to sinulate donestic eri pg—30 Prior to finisgW ng, the woo
fabrics were washed with aquevop non-'??gc detergent solution to renove

any possible inpurities i ch coul d potentially interfere with the
subsequent surface treatnent; and then air dried. WO

2011/ 064562PCT/ GB2010/ 051619 21 The "traditional™ fluorocarbons were
applied to the sanples by the foll owi ng nethod. Fabric sanples were treated
using a paddry-cure nethod with either 50g/1 O eophobol SL-A or 50g/1

Fl uorepel OA5. The pad bath was set at pH 6-7 and the wet pick- 5 up was

-~ o~ ——y N 1 N Y T T Y T S 1 o, A PN S~N e S A NN



25 The substrate to be coated was placed into the centre of the reactor,

fol |l owed by evacuati on back down to the base pressure. The fl uoro-nononer
vapour wasothameisser oduced at a constant pressure of -0PETMBRP10203d61al | owed
to purge through the system 30 for 5 mnute, followed by ignition of the

gl ow di scharge. The pressure on the reactor outlet was found to be steady,
which is consistent with sufficient m)norrer flow rate. Deposition was

term nated after enough tine to forma film based on the previous trials,
on the substrates surface. The nononer vapour 35 was allowed to continue to
pass over theessbstraterfor ra furt heng S my e1andnsubseguent| ye tdhe ol asma
chanber was evacuated back . WO 2011/ 064562PCT/ GB2010/ 051619 22 down to the
base pressuf&EAnd TREFveht &Y o ¥he BRASSHNEr 87 Fhet OPET Al Ul si ng

condi ti ons weretdelabhedausi ngidf act ord alriepesi g@ntal design, fol |l owed by
sinpl ex pptim zation. Accordingly, the peak power (Pp = 40 W, pul se
on-period (ton = 5 30 ps), and pulse off-period (toff = 20000 ps) for

pl asma pol yIE{Eém}ﬁlEF.H)SJiﬂ sant feck bﬂeﬂgop@iqﬂoﬁ@d 120f<yi elsda ancthéti €alposunf ace
energy on a | ass_substr ddition sone
oAl 2 ver 8EpreTTHantEY Gt HAReaF Bl pindns RO o Fo 1 h

f 1 uor o- nonopert phasira tpeyymﬂmﬁﬂ&t bpnmrﬁ}anrydembfsmtpm@mauam ygtdmqrsove t he
repel | ency rforman T e reactor urge with %
purity) forgg W Alite at PP grlg&n%x éﬁnrrfag?r andgautlgé % % Cﬁslloﬁlaﬁ
conti nublis wabetatus3G6 Wt her saripbesrwere 2 neafede fm,haﬁﬁalﬁin,grbws and
480 seconds, 15r espeq tively., %Orto@ﬂh? wat £ and oil repellency of different
Chl ori ne Herco% %S treat%%? rc's ‘es were eval uated and the results
are shown in tables 1 and 2 respectlvely 20 The abrasion resistance of
finished fa s d 12947 -

Martindal e g rcg§|g§%§$&etaf%%9and ed)lrmgggf I %ﬁcyb%ﬁrdé ?t?es eval uat ed
after 3, Ooolngb@de:?@nbnoerrd@lre ta@yévaYutalt esthe geomﬂ -entlat Pent ofuliehye

fl uorocas bo h rin C n F1

abr asi oggthghgo%%{l%;m\%egwﬁ%fg%%gsﬂgggﬁllrfgga E naépf%glgl %(E)é‘liht]]gvllth%tI

st andard wool tenperatu setting. A hot press treatnent is |dent|f|ed as
HP in the results tables| 30 The water repgllency of the fabrics sanples
was determ ned using t )paal(@R”tFﬁb)aJ\gb test using a series of

wat er /i sopropyl al cohol so ut| ons 11/ 064562PCT/ GB20(M) 051619 23
Table 1 belg 0 0 I si s of

f 1 uor ocar bon tr%a%mzlds %ﬁ %g?%?{brcggérgﬁ o}ﬁ‘\%Fa r{tgag)eh) ?tgg%{-?%e)aét’ments
Scoured FabehchGhéophbliol 1Fr éatiepeRatntily Felovtepelf roneaydrbdeabr heldr gon
Pre- treat n%ﬂ irlé’geh(amogy£§§) Fol | owned By Pl asma Pol yneri zati on 012
Origi nal " 10

Suitably RY, R’, R, R', R'¥, and R™ are haloalkyl such as

fluorcalkyl, or hydrogen. 1In particular they are all hydrogen.

Suitably the compound of formula (V) contains at least one

25 halocalkyl group, preferably a perhalocalkyl group.

Particular examples of compounds of formula (V) include the

//ji\ R14
O
AN O)\( f A
R'5

following:

30



9-10 10 10 3 Wash Cycles W3 2 2 8 8 3 Washes & HP* W10 10 9 9 9 5 Wash
Cycles W2 2 2 6 6 5 Washes & HP W10 10 9 9 10 1 Dry Cean Cycle W9 9 8
10 10 1 Dvo 20 1Ems6& HP W10 10 10 10 10 3 Dry C ean PCT/GB2010/051619

wherein RY and RY are as defined above and at least one of R or
R is other than hydrogen. A particular example of such a

compound is the compound of formula B.

Q§b O//\\T/O AN B

H2
C8F17

In a further embodiment, the polymeric coating is formed by
exposing the fibre, varn, sliver, fabric or garment to plasma

10 comprising a monomeric saturated organic compound, said compound
comprising an optionally substituted alkyl chain of at least 5
carbon atoms optionally interposed with a heteroatom for a
sufficient period of time to allow a polymeric layer to form on
the surface.

15
The term “saturated” as used herein means that the monomer does
not contain multiple bonds (i.e. double or triple bonds) between
two carbon atoms which are not part of an aromatic ring. The
term “heteroatom” includes oxygen, sulphur, silicon or nitrogen

20 atoms. Where the alkyl chain is interposed by a nitrogen atom,
it will be substituted so as to form a secondary or tertiary
amine. Similarly, silicons will be substituted appropriately,

for example with two alkoxy groups.

25 Particularly suitable monomeric organic compounds are those of

formula (VII)

R16 R17

R18 R19
20 521

RTR (VII)



Cycle 0 8 7 7 10 10 3 Dry Ceans & HP 0 10 10 9 10 10 Flat Abrasion 1 6 6 3
6 7 Flat Abrasion & HP 2 10 10 7 7 8 WD 2011/064562PCT/ GB2010/ 051619 24
Tabl e 1 3wDAtidwc4¥eepel | ency Anal ysis of Fl uorocarbon Tr earasB2010/051619

Chl ori ne/ Hercosett Wol Fabrics. 5 Exam nation of Table 1 indicates the
effectiveness of the plasma polymerisation of the fluoro-nononer on the
Chlorine Hercosett treated wool fabric in inparting water repellency
relative to the traditional wet chenjcal fluorocarbon applications. The

t abl e shows"PRES df f f & ent® r'eBSul 3% WherfT&n t Afg Prad s prestero ftEPRat ment i s
applied fornfardgdd, JaMbhsdt esagspestivealngl bt hsyapparentithat the argon
pl asma pre-treatment prior to plasma pol ynerisation system,has introduced
nuch bett er SPBPYettSCebYi it At 199 Behavi DU A Fobm W%%%Pat urie 2Th8hE¥ not
relqui rijng aoBOhaIHaF_LS@llf @chmﬁﬁSztrgi’ kngft@eodﬁ@t @E ae@ﬁédger@;fyfpempsr mance after
15l aundeging. Simlarly ter dry cleaning the argon asma_pre-treatnment
prior tog pl gé%o bcdpiﬁfe"r iwgﬁfieoﬁ el 55&Th HadtP t}o{)ﬁjc}@d aﬁ‘ﬁcT‘u Yettt er

pol ymer re-sphendatd gulbebaailyr gabupposd tegpenat tu(® -afido 20 cagai-nwappear s

to negate the requirenent for. a heat .trea n 0 restore effective water

Fopel Pancy. Ber For PHCCELHRESLHY GG EFTal ShraSor off thEwt f oat & Fanr | ©s

was to reduee thendvat es 0epeldredeychoneviertragal ntd e, heabvpesd -thaeat nent

25restores the repellency.. Pre-treating,the wool with an argon plasnma has a
PPECCT T ars b Wac SR Sy

beneficial & 2t9AGfr 5dUtihg the need for a post - heat

treatneh® but the abraded plasma treated wool fabrics appear to 30 have

| ost sone repell.enc erformance probabl.y e to:thesthi nner, PP_coating
| ayer rel at ?\@éjt?kglet %gef)ragg?/?? nal - f ?ﬂ%?%c’agﬁo’n E?i’niq{sHeé—j.n@t 6\0 are
2011/ 06456 2PCTH C3R2XEQ/ 054619. 2The alkyl chains may be straight or

branched and may include cyclic moieties and have, for example
from 1 to 6 carbon atoms.

15
For R?*, the alkyl chains suitably comprise 1 or more carbon
atoms, suitably from 1-20 carbon atoms and preferably from 6 to

12 carbon atoms.

20 Preferably R*” is a haloalkyl, and more preferably a perhaloalkyl
group, particularly a perfluorocalkyl group of formula C,Fi,41
where z is an integer of 1 or more, suitably from 1-20, and

preferably from 6-12 such as 8 or 10.

25 Where X is a group -C(0O)O(CH;),¥Y-, v is an integer which provides
a suitable spacer group. In particular, y is from 1 to 5,

preferably about 2.

Suitable sulphonamide groups for Y include those of formula -
30 N(R*’)S0O,” where R*® is hydrogen, alkyl or haloalkyl such as
Ci_salkyl, in particular methyl or ethyl.

The monomeric compounds used preferably comprises a Ce¢-»5 alkane
optionally substituted by halogen, in particular a

35 perhalocalkane, and especially a perfluorocalkane.



hydr ocar bon sol utions. The oil repellency grade is the highest nunbered
test liquid which does not wet the fabric surface. Table 2 bel ow shows the
resul ts oVotzhe/@hs6®i | Repel | ency Anal ysis of Fl uorocar beoT/iB2atodd1619

Chl ori ne/ Hercosett Wol 5Fabrics. After- Treatnents Scoured Fabric

A eophobol Treated Fabric Fluorepel Treated Fabric Argon Pre- treatment
Time (Mnutes) Followed By Plasma Pol yneri zation 012 Oiginal 07 77
7 7 3 Wash Cycles 01 0 0 55 3 Washes & HP* 0 7. 7 7 7 7 5 Wash Cycles 0 0O

According to another aspect, the polymeric coating is formed by
exposing the fibres, varn, sliver, fabric or garment to plasma
comprising an optionally substituted alkyne for a sufficient

period to allow a polymeric layer to form on the surface.

Suitably the alkyne compounds used comprise chains of carbon
atoms, including one or more carbon-carbon triple bonds. The
chains may be optionally interposed with a hetercatom and may
carry substituents including rings and other functional groups.
10  Suitable chains, which may be straight or branched, have from 2
to 50 carbon atoms, more suitably from 6 to 18 carbon atoms.
They may be present either in the monomer used as a starting
material, or may be created in the monomer on application of the
plasma, for example by the ring opening
15
Particularly suitable monomeric organic compounds are those of

formula (VIII)

R**-C=C-X"-R” (VIII)
20
where R** is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl
optionally substituted by halo; X' is a bond or a bridging group;
and R is an alkyl, cycloalkyl or aryl group optionally
substituted by halogen.
25
Suitable bridging groups X' include groups of formulae
= (CHz) o=, -CO(CHs) =, = (CH2),O(CHs) o=, - (CHs) N (R™)CH:) g,
—(CHﬂpN(R%)SOZ—, where s is 0 or an integer of from 1 to 20, p
and g are independently selected from integers of from 1 to 20;
30 and R*® is hydrogen, alkyl, cycloalkyl or aryl. Particular
alkyl groups for R”® include C: ¢ alkyl, in particular, methyl or
ethyl.

Where R*® is alkyl or haloalkyl, it is generally preferred to

35 have from 1 to 6 carbon atoms.
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Suitable haloalkyl groups for R”® include fluoroalkyl groups.
The alkyl chains may be straight or branched and may include

cyclic moieties. Preferably however R’® is hydrogen.

Preferably R” is a haloalkyl, and more preferably a perhaloalkyl
group, particularly a perfluorocalkyl group of formula C,.Fip41
where r is an integer of 1 or more, suitably from 1-20, and

preferably from 6-12 such as 8 or 10.

In a particular embodiment, the compound of formula (VIII) is a

compound of formula (IX)

CH=C (CH,) ,—R*’ (IX)

where s is as defined above and R? is haloalkyl, in particular a

perhaloalkyl such as a Cs12 perfluoro group like CgFis.

In another embodiment, the compound of formula (VIII) is a

compound of formula (X)

CH=C (0) O (CH,) ;R*’ (X)

where p is an integer of from 1 to 20, and R* is as defined
above in relation to formula (IX) above, in particular, a group
CgF17. Preferably in this case, p is an integer of from 1 to 6,

most preferably about 2.

Other examples of compounds of formula (I) are compounds of
formula (XI)

CH=C (CH,) .0 (CH,) ;R”/, (XT)
where p is as defined above, but in particular is 1, g is as
defined above but in particular is 1, and R”’ is as defined in

relation to formula (IX), in particular a group CeFi3;

or compounds of formula (XITI)

e
7

a

n
7
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ef fectiveness of the plasnma polynerisation of the fluoro-nononer on the
Chlorine Hercosett treated wool fabric injyinparting oil repellency relative
to the traditional wet chem cal fluor ocar%on applications. It is also
apparent that the argon plasm pre-treatnment prior to 10 plasm

pol yneri sation system has FHte¢ sdutetRnuckEbet Rer polFEEr re-orientation

behavi our afwhé?é’l% tiesnBlélrééf'Ir%d nence, not. ri]‘flqgrhpf{‘&ll NQL press; § ol

restoring the oil” repellency perfornmance aft l.aundering. In contrast t he
tradi ti onal eFuerdcaoenPtt nisPestieglit elsa lhoR piesss tde frastoreosi lan

15repe|lenCXnaﬁéfgid%fQ@sbérﬁ&&%@geﬁ; éﬂdh@vn§s°£scﬁé@fﬁe%a@hrgbfg§ion to
performance of both systens 1s conparable but the argon plasm

pre-treal neAprdoks ddai nilnprovieuperf orfemee Cand’ renoves the necessity for
a heat treatnent to restore effective oil repellency performance 20 The
effect of flat abrasion is to reduce the oil repellency of the traditional
wet chem caPTf FeBrBEEthehst WoWePer*aghl n the heat treatment restores the
repellency. Pre-treating the wool with an argon plasna has a benefi ci al
effect in elimnating the need for a heat treatnent. (Flat abrasion
resulted in no | ess 25 BHEC (@pelN @N0SOER 'sanpl es whi chXthbler went pl asma
treatnepg). The various tests were repeated on wool blend fabric sanples
and the results are given in tables 7 to 10 below. 30 After- Treatnents
Scour ed Fabrher® redphebotie Tieat edorabriet Rirusrepetulfreated Fabts @FPP Ar &

FPP Ori gi nabe; 105 1019 10 1 WR2011( 084562RCTL GB201 /051619, 273 Y\ash
Cycles 1 556 8

in relation to formula (IX), in particular a group CgFi.

15 In an alternative embodiment, the alkyne monomer used in the

process is a compound of formula (XIV)

R*°C=C (CH,) , SIRRR™ (XIV)
where R*’ is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl
20 optionally substituted by halo, R*, R and R** are independently
selected from alkyl or alkoxy, in particular C;¢ alkyl or

alkoxy.

Preferred groups R’® are hydrogen or alkyl, in particular C:.

25  alkyl.

Preferred groups R*’, R and R’ are C;.s alkoxy in particular

ethoxy.

30 In general, the fibres, yarn, sliver, fabric or garment to be
treated is placed within a plasma chamber together with the
material to be deposited in a gaseous state, a glow discharge is
ignited within the chamber and a suitable voltage is applied,

which may be pulsed.
35
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The polymeric coating may be produced under both pulsed and
continuous-wave plasma deposition conditions but pulsed plasma
may be preferred as this allows closer control of the coating,

and so the formation of a more uniform polymeric structure.

As used herein, the expression “in a gaseous state” refers to
gases or vapours, either alone or in mixture, as well as

aerosols.

Precise conditions under which the plasma polymerization takes
place in an effective manner will vary depending upon factors
such as the nature of the polymer, the fibres, vyarn, sliver,

fabric or garment treated and will be determined using routine

methods and/or the technigues.

Suitable plasmas for use in the method of the invention include
non-equilibrium plasmas such as those generated by
radiofrequencies (RF), microwaves or direct current (DC). They
may operate at atmospheric or sub-atmospheric pressures as are
known in the art. In particular however, they are generated by

radiofrequencies (RF).

Various forms of equipment may be used to generate gaseous
plasmas. Generally these comprise containers or plasma chambers
in which plasmas may be generated. Particular examples of such
equipment are described for instance in W0O2005/089961 and
W002/28548, but many other conventional plasma generating

apparatus are available.

The gas present within the plasma chamber may comprise a vapour
of the monomer alone, but it may be combined with a carrier gas,
in particular, an inert gas such as helium or argon, if
required. 1In particular helium is a preferred carrier gas as

this can minimise fragmentation of the monomer.
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When used as a mixture, the relative amounts of the monomer
vapour to carrier gas are suitably determined in accordance with
procedures which are conventional in the art. The amount of
monomer added will depend to some extent on the nature of the

5 particular monomer being used, the nature of the substrate being
treated, the size of the plasma chamber etc. Generally, in the
case of conventional chambers, monomer is delivered in an amount
of from 50-250mg/minute, for example at a rate of from 100-
150mg/minute. It will be appreciated however, that the rate will

10 vary depending on the reactor size chosen and the number of
substrates required to be processed at once; this in turn
depends on considerations such as the annual through-put

required and the capital outlay.

15 Carrier gas such as helium is suitably administered at a
constant rate for example at a rate of from 5-90 standard cubic
centimetres per minute (sccm), for example from 15-30sccm. In
some instances, the ratio of monomer to carrier gas will be in
the range of from 100:0 to 1:100, for instance in the range of

20  from 10:0 to 1:100, and in particular about 1:0 to 1:10. The
precise ratio selected will be so as to ensure that the flow

rate required by the process is achieved.

In some cases, a preliminary continuous power plasma may be

25 struck for example for from 15 seconds to 10 minutes, for
example from 2-10 minutes within the chamber. This may act as a
surface pre-treatment step, ensuring that the monomer attaches
itself readily to the surface, so that as polymerisation occurs,
the coating “grows” on the surface. The pre-treatment step may

30 be conducted before monomer is introduced into the chamber, in
the presence of only an inert gas. In one embodiment, the inert

gas comprises argon.

The plasma is then suitably switched to a pulsed plasma to allow

35 polymerisation to proceed, at least when the monomer is present.
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In all cases, a glow discharge is suitably ignited by applying a
high frequency voltage, for example at 13.56MHz. This is
applied using electrodes, which may be internal or external to
the chamber, but in the case of larger chambers are generally

5 internal.

Suitably the gas, wvapour or gas mixture is supplied at a rate of
at least 1 standard cubic centimetre per minute (sccm) and
preferably in the range of from 1 to 100sccm.

10
In the case of the monomer vapour, this is suitably supplied at
a rate of from 80-300mg/minute, for example at about
120mg/minute depending upon the nature of the monomer, the size
of the chamber and the surface area of the product during a

15 particular run whilst the pulsed voltage is applied. It may
however, be more appropriate for industrial scale use to have a
fixed total monomer delivery that will vary with respect to the
defined process time and will also depend on the nature of the
monomer and the technical effect required.

20
Gases or vapours may be delivered into the plasma chamber using
any conventional method. For example, they may be drawn,
injected or pumped into the plasma region. In particular, where
a plasma chamber is used, gases or vapours may be drawn into the

25 chamber as a result of a reduction in the pressure within the
chamber, caused by use of an evacuating pump, or they may be
pumped, sprayed, dripped, electrostatically ionised or injected

into the chamber as is common in liquid handling.

30 Polymerisation is suitably effected using vapours of compounds
for example of formula (I), which are maintained at pressures of

from 0.1 to 400mtorr, suitably at about 10-100mtorr.

The applied fields are suitably of power of from 5 to 500W for
35 example from 20 to 500W, suitably at about 100W peak power,

applied as a continuous or pulsed field. Where used, pulses are
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suitably applied in a sequence which yields very low average
powers, for example in a sequence in which the ratio of the time
on : time off is in the range of from 1:100 to 1:1500, for
example at about 1:650. Particular examples of such sequence

5 are sequences where power is on for 20-50us, for example about

30ps, and off for from 1000pus to 30000us, in particular about
20000pus. Typical average powers obtained in this way are 0.1 -

0.2 W.

10 The fields are suitably applied from 30 seconds to 90 minutes,
preferably from 5 to 60 minutes, depending upon the nature of
the compound of formula (I) and the fibres, vyarn, sliver, fabric

or garment being treated.

15 Suitably a plasma chamber used is of sufficient volume to

accommodate multiple fibres, vyarn, slivers, fabrics or garments.

A particularly suitable apparatus and method for producing
coated fibre, yarn, sliver, fabric or garments in accordance
20 with the invention is described in W02005/089961, the content of

which is hereby incorporated by reference.

In particular, when using high volume chambers of this type, the
plasma is created with a voltage as a pulsed field, at an

25 average power of from 0.001 to 500W/m’, for example at from 0.001
to 100W/m’ and suitably at from 0.005 to 0.5W/m’.

These conditions are particularly suitable for depositing good
quality uniform coatings, in large chambers, for example in

30 chambers where the plasma zone has a volume of greater than
500cm®, for instance 0.1lm’ or more, such as from 0.5m’-10m’ and
suitably at about 1m’. The layers formed in this way have good

mechanical strength.

35 The dimensions of the chamber will be selected so as to

accommodate the particular fibres, yarn, sliver, fabric or
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(ToF-SINS). 20 ToF-SIMs anal yses were carried out using a PH 7000

i nstrunment operating at a base pressure of |ess than 4.0x10-8 Torr. The
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of 1x101B i opstentas3) Shadpmesssofret henCihliomisneeties cosetfort ¢eadteichoweol
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processes grirhy Hi'se ft8T e 25 ConpleX ol yrer Cstf it dicet Reverttrdl égsda
series pf chanast®f i8irh¢ POStdinvenkonshad,e yevrhdest iveG3Fsapr SREH2+, CAF5+,
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F(1s) regi onstwnetrte ofpkaknet @ate ar20eel passitener gyovidesTasovef cone t he

i nsul at i‘,’&n B;}ﬁr)bl ens_of .textile fibres fiurian%OEhe analtyises thWOcOQar ge

mer coating obtained agm merisation bn
neutral f ser PP 80d" g provided "2 “const an Y
containing fibre, yarn, sliver, fabric or garment made from said

fibre or yarn as a water and/or oil repellent coating which does

not require post laundering refreshing.



31 streamof electrons in order to neutralize the charge build up. Binding
energy values were calculated relative to the C(1s) photoel ectron peak at
285. 0 eV.wohelismmpkes surface el emental conposition andPaTEIB2010WE1610S wer e
obt ai ned by Casa XPS software 5and WAagner's sensitivity factors. The
results of the XPS analysis are shown in,table 3. Treatnment Atomc
Conposition (%9 Fluorine Untreated 0.5 eophobol Treated* 36.9 O eophobol
3 x Wash Cycles 25.5 d eophobol 3 x Wash Qé(;l es Hot Pressed & 38.7

O eophobol EFafenpadedcuras. & theppeerylPitadna: PotYiter PSEdE{FPP) 43.8 FPP

3 Wash Cycl gspedSs 6 RR3:i Wash iGiches & Hot dBeesseds 238+v8 EPR-dhrMashofycl es
10.8 FPP 5 Wash Cycles & Hot Pressed 34.2 FPP Flat Abraded* 6.9 FPP Fl at
Abr aded* & HotRpPrivsdddst aspect.

Throughout the description and claims of this specification, the
5 words “comprise” and “contain” and variations of the words, for

example “comprising” and “comprises”, mean “including but not

limited to”, and do not exclude other moieties, additives,

components, integers or steps.

Throughout the description and claims of this specification, the
10 singular encompasses the plural unless the context otherwise

requires. 1In particular, where the indefinite article is used,

the specification is to be understood as contemplating plurality

as well as singularity, unless the context requires otherwise.

Other features of the present invention will become apparent

15 from the following example. Generally speaking the invention
extends to any novel one, or any novel combination, of the
features disclosed in this specification (including any
accompanying claims and drawings). Thus features, integers,
characteristics, compounds, chemical moieties or groups

20 described in conjunction with a particular aspect, embodiment or
example of the invention are to be understood to be applicable
to any other aspect, embodiment or example described herein

unless incompatible therewith.

Moreover unless stated otherwise, any feature disclosed herein
25 may be replaced by an alternative feature serving the same or a

similar purpose.

The invention will now be particularly described by way of

examples.

30 In order to analyse the effect of different fluoropolymers
coatings on wool and wool blend fabrics, three different wool-
containing fabrics samples underwent different surface

treatments. The resulting coated fabrics were then tested for
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16.7 Treated sanple after flat abrasion,for 3000 rubs. Tabl e 3 XPS
Surface El enmental Conposition of Fluorocarbon 5 Treated Chl ori ne-Hercosett
Wol Fabrics The XPS (X-ray photoel ectron spectroscopy) data of the plasm
treat ed sanpPEST miiCc&tlesT BbvA GUSYi nébFpor st ICBRTBT T fATItbPEEAFDLIF nto t he
surface of thepfibrse wth the fluorine content 10 increasing up to 47%
when an argon pretreatnment is used. It is evident that follow ng washing,
dry cleaning and flat abrasion the surface fluorine decreases but

subsequent heat rdg.caisnerhs1ds ifagraboutrd hethkuos@p@onernierotd-ent ati on. 15
The argopn plasna treated sg;yolﬁgfﬁal so exhibited iEhi s behavi our even though

the watet afd*o??e e érfPER BPMBACE G Kt auifder 8P 5rd not heat ed,

sanpl es showedtomih@nbelat iarel yosial poredueti onlinmedteperhencsysfpernter mance.
20 Interestingly the XPS. s Qgtr? f th

. .  fl uoropol yner PP fabrics sho an
Sbsence of YAPFAEE LT Bch CUGRASEPHYLa TAPFARS L FEERr DU GUSt Fapar
maski ng t heanpltsagemotontai sitigpnHeyeose! tTHeokygpRIting coated samples
were then evaluated for liquid repellency after washing, dry

10 cleaning and flat abrasion and the results of the different

fluorocarbon coating compared.

The three different wool containing fabrics were: 100% wool
botany serge (190g/m°, supplied by Whaleys, Bradford), plain

15 weave chlorine-Hercosett treated wool (100% wool, 210 g/mﬂ
supplied by Bulmer & Lumb, Bradford and undyed wool/polyester
(60/4) blend fabrics (yarn count 60/2, 160 g/m”) also supplied

by Bulmer & Lumb, Bradford.

20 The “traditional” fluorochemicals used were Oleophobol SL-A 01,
generously donated by Ciba, and Fluorepel OWS from Devan-PPT
Limited. (These are standard commercial fluorocarbon polymer

finishes.)

25 The SDC ECE phosphate-based reference detergent, without optical
brightening agents, was used during the wash fastness tests. It
was used as the washing powder addition because it is the
standard detergent in the ISO C06 wash fastness tests to
simulate domestic laundering.

30
Prior to finishing, the wool fabrics were washed with an aqueous
non-ionic detergent solution to remove any possible impurities
which could potentially interfere with the subsequent surface

treatment; and then air dried.

35



25 The tensile properties of the fabrics were determ ned according to the
BS 13934-1:1999 test nethod on an Instron nodel 5564, with gauge | ength of
100 mMm cwosshamdasezpeed of 50m mi n, and each val ue pre®emGaR0im51410
average of 10 neasurenents. WD 2011/ 064562PCT/ GB2010/ 051619 33 The
influence of the treatnments on the fabrig;s nechanical (handle) properties
both before and after treatnment was objectively assessed using the Kawabat a
Eval uati on stem (KES). The 20x20cm sanpl es were conditioned at ZOC and
65% R H. 5( ﬁé?at??ﬁ@%&ﬁﬂ@l? YITYPEC6 RPNt éstiengPPhed énsitihe, SEHE&S, Pand

bendi ng propeet f&sLowlabl gednshowspt-he $<ﬁ@§l|e|sew§£é eﬂgiarteaf uboed f ahei-cs
treated with plasnma and fl uorocarbons Q\T ilst tab hows the results for
10 KES-F an&FysFerofethedset deted iech ]cglleBPB%?]t SésAoPrt%%g/éhl orine

Her cosett t readeshanoahist a’Dlﬁé q&d _Eéeﬁtxﬁ@sﬂtse%r Blcalsma “Fi mea( Mautas)pitensil e
Strengt h. (kN Scour ed._ - 11 d eophobol SI-A - Q.22 Fluorepel OA5 -
6. 70. 20 Ar g8R %s7rPa PFBetP%%Qler?eﬁﬁbi E rfgdrée@} ftﬁ)lfi C4f<?r3?o“%1B s
7.30.16 Arganoft assta Peericeatarent mimh_'tRP ®16n80£fd0rick)6. 50d 1dher? 0réd. 19 4
7.10.29 8 7 005 éﬁnutes at 150°C or 1 minute at 170°C for the wool and

blend fabrics, respectively.

10 The plasma polymerisation coating was applied by the following
method. The plasma polymerization experiments were performed in
an inductively coupled glow discharge reactor with a base
pressure of 6.13 x 107 mbar, a leak rate of better than 6 x 107’

' and a monomer flow rate 4mg/min or 3.2 mol s™'. This was

mol s

15 connected to a two stage Edwards rotary pump via a liquid
nitrogen cold trap, a thermocouple pressure gauge, and a monomer
tube containing the 1H, 1H, 2H, 2H-heptadecafluorodecyl acrylate
monomer. All connections were grease free. An L-C matching unit
was used to minimize the standing wave ratio (SWR) of the

20 transmitted power between a 13.56 MHz radio frequency (RF)
generator and the electrical discharge. For pulsed plasma
deposition experiments, the RF source was triggered by a signal
generator, and an oscilloscope was used to monitor the pulse
width and amplitude.

25
The substrate to be coated was placed into the centre of the
reactor, followed by evacuation back down to the base pressure.
The fluoro-monomer vapour was then introduced at a constant
pressure of ~0.2 mbar and allowed to purge through the system

30 for 5 minute, followed by ignition of the glow discharge. The
pressure on the reactor outlet was found to be steady, which is
consistent with sufficient monomer flow rate. Deposition was
terminated after enough time to form a film, based on the
previous trials, on the substrates surface. The monomer vapour

35 was allowed to continue to pass over the substrate for a further

5 minute and subsequently the plasma chamber was evacuated back
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down to the base pressure and then vented to the atmosphere. The
optimum pulsing conditions were determined using factorial
experimental design, followed by simplex optimization.
Accordingly, the peak power (Pp = 40 W), pulse on-period (ty, =
5 30 ps), and pulse off-period (tesse = 20000 ps) for plasma polymer
deposition had been optimized to yield a critical surface energy

on a flat glass substrate of yc = 4.3 mN/ m.

In addition some samples were pre-treated with an argon plasma
10 prior to the fluoro-monomer plasma polymerisation in order to
potentially improve the repellency performance. The reactor was
purged with argon (BOC 99.5% purity) for 4 minute at pressure
around 80 mtorr and then by using a continuous wave at 300 W the
samples were treated for, 60, 120, 240, and 480 seconds,
15 respectively.

Both the water and oil repellency of different Chlorine
Hercosett treated fabric samples were evaluated and the results
are shown in tables 1 and 2 respectively.

20
The abrasion resistance of finished fabrics was measured
according to BS 12947-2: 1999, on a Martindale Wear & Abrasion

Tester and the repellency properties evaluated after 3,000 rubs.

25 In order to evaluate the re-orientation of the fluorocarbon
polymer chains after laundering, dry-cleaning and flat abrasion
the fabrics were hot-pressed using an Elnapress/SDL with the
standard wool temperature setting. A hot press treatment is
identified as HP in the results tables.

30
The water repellency of the fabrics samples was determined using
the 3M water repellency test using a series of water/isopropyl

alcohol solutions.
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Table 1 below shows the results for the 3M water repellency

analysis of fluorocarbon treated Chlorine/Hercosett Wool

Fabrics.
5
Argon Pre-
treatment
Oleophobol | Fluorepel Time (Minutes)
After- Scoured
Treated Treated Followed By
Treatments Fabric
Fabric Fabric Plasma
Polymerization
0 1 2
Original 1 10 10 9-10 10 10
3 Wash
W 3 2 2 8 8
Cycles
3 Washes &
W 10 10 9 9 9
HP*
5 Wash
W 2 2 2 6 6
Cycles
5 Washes &
W 10 10 9 9 10
HP
1l Dry Clean
W 9 9 8 10 10
Cycle
1l Dry Clean
W 10 10 10 10 10
& HP
3 Dry Clean
0 8 7 7 10 10
Cycle
3 Dry
0 10 10 9 10 10
Cleans & HP
Flat
1 6 6 3 6 7
Abrasion
Flat
Abrasion & 2 10 10 7 7 8

HP




7 0.03 95 0.03 71 0.04 42 G 0.33 0.36 0.41 0.45 0.40 0.42 0. 36
0.38 2HG 5 0.95 0.92 1.00 1.38 1.03 1.14 0.94 0.94 *EMI - Extensibility;
LT - TenswDeoltesemeity; WI - Tensile Wirk; RT - Tensi| e PREEIB2080M5€619B -
Bending Rigidity; 2HB - Bending Hysteresis; 5G - Shear Stiffness; 2HG -
Shear Hysteresis at 5 Table 5 KES-F Anal ygis of the Sel ected Mechani cal
Properties of the Chlorine Hercosett Treated Wol Fabrics 10 The effect of
the fluorocarbon treatnments on the fabric tensile strength is marginal,

al t hough i nfeébPesti ngl Vet rer&eRss lgnsmed el iigofénhtofarasbPPentart6r some of

t he argon pkasssidd ert-edssanpies whbeh-dmy be related to increased surface
friction. 15 On plasnma pol ynerising the fluoropolyner onto the fibre

surface the lubricating effect of the fluorocarbon surface coating reduces
the tensile strength. This lubricating effect is also observed in the KES-F
data where the shear hysteresis at 5 2HG, decreases from1.38 tqo 0.94,
simlar 1o CHE“UMTEA 84 SOeknpl dnEs62 T RbME 5Y F<PHE RS Sa° helddure 2512
i nteryarn fpbCihen andoanyt dareage uboo tihwhomeel osutiacmlioneheasesdshetval ue,
whilst WD 2011/ 064562PCT/ GB2010/.051619 35 conversely any |ubrication
reduces the “Vaf ‘T*ao.ﬁ5 Wﬁ?ﬁfr %%ricnemf IlﬁlB?BEja?%Wr?%FFeﬁ??énjteéicﬁr Bﬁﬁ%%lvae m&r gi nal
stiffening ehetheadiabivhel haidl ghendcdhet felddcagbshragikagetobng he wool
fabrics was, _determ ned usi a . \Wascator FOM 71P, with a standard 5A wash

o rs?lﬁ%ggplge di OYI ll’;eneaacr},l P

programe. Fabr &S e was "Get ef i Ted APt & Wash Bytie by <

measuri g t hecaeverftabsi epatead dvd conpard Mg mihune s hrddpecicnivélal Jar ea val ue.

The fabri'c sanples vele fry £lpangd.iLn, ageordance w ththe BS BN,
polymerisation system has introduced much better polymer re-
orientation behaviour at room temperature, hence not requiring a

hot press for restoring the water repellency performance after

15 laundering.

Similarly after dry cleaning the argon plasma pre-treatment

prior to plasma polymerisation system again has introduced much

better polymer re-orientation behaviour at room temperature and
20 again appears to negate the requirement for a heat treatment to

restore effective water repellency performance.

The effect of flat abrasion on the treated fabrics was to reduce
the water repellency however again the heat post-treatment

25 restores the repellency.

Pre-treating the wool with an argon plasma has a beneficial
effect in eliminating/reducing the need for a post-heat
treatment but the abraded plasma treated wool fabrics appear to

30 have lost some repellency performance probably due to the
thinner PP coating layer relative to the traditional

fluorocarbon finishes.

The 0il repellency of the fabric was determined using the AATCC
35 118-2007 o0il repellency test using a series of eight standard



101 SO 3175: 1998 test nethod, by PPT Conpany, Anbergate, and their

repell ency properties were determned after 1 and 3 cycles. The results are
shown i n wakbe/®45625 Fabric Treat nent % Area Shrinkage PCTIGERM0ADSK18A 3 X
5A 4 X 5A 5 X 5A Scoured & Undyed 24.8 40.3 53.6 59.6 63.4 d eophobol SL-A
12.0 34.7 50.6 60.5 63.7 Fluorepel OA5 7,3 29.2 47.8 51.9 59.0 FPP -2.5 0.0
4.4 12.3 14.6 Scoured & Dyed 3.3 4.6 6.% 11.6 12.3 O eophobol SL-A 3.8 3.8
7.9 11.4 12.4 Fluorepel OA5 1.3 2.5 8.7

hydrocarbon solutions. The 0il repellency grade is the highest
numbered test liquid which does not wet the fabric surface.
Table 2 below shows the results of the 3M 0il Repellency
Analysis of Fluorocarbon Treated Chlorine/Hercosett Wool

5 Fabrics.

Argon Pre-
treatment
Oleophobol | Fluorepel Time (Minutes)
After- Scoured
Treated Treated Followed By
Treatments Fabric
Fabric Fabric Plasma
Polymerization
0 1 2
Original 0 7 7 7 7 7
3 Wash
0 1 0 0 5 5
Cycles
3 Washes &
0 7 7 7 7 7
HP*
5 Wash
0 0 0 0 3 4
Cycles
5 Washes &
0 7 7 7 7 7
HP
1l Dry Clean
0 7 7 5 7 7
Cycle
1l Dry Clean
0 7 7 7 7 7
& HP
3 Dry Clean
0 6 6 3 7 7
Cycle
3 Dry Clean
0 7 7 7 7 7
& HP
Flat
0 4 4 1 7 7
Abrasion
Flat
Abrasion & 0 7 7 5 7 7
HP




12.5 14.1 FPP 0.1 0.5 5.1 4.2 3.3 Table 6 Felting Shrinkage of

Fl uor ocar bon Treated Scoured Wol Fabrics 20 While the Chlorine/ Hercosett
treat ed wyol2ofialseiee i s machi ne washabl e and will not shrecmiGB20meseabed wool
wi |l shrink extensively depending on fabric structure and processing.

Exam nation of Table 6 indicates the untrgated wool fabric shrinks
progressively up to 63.4% area shrinkage after 5x5A Wash 25 cycles. The
traditional fluorocarbon coatings have no benefi ci al
2011/064562ﬁ@?%@é?d%bﬁ@é1%%Eﬁ¥%§n€ﬁféﬁtlYﬁrSr@dugrr@fq%ﬂﬁ?PHgTEﬁﬁtQQW cont r ast
t he fl uoro- mpagr®Y J213sHBe POl yHERkserodwatarsanpl € has much | ower felting
shrinkage. The reduction in felting is very encouragi ng and potentially
creates an opportunity to achieve a dual effect of conmbined 5 liquid

repel |l ency and machi ne washability. Treatnent of wool fabrics with
traditional fluorocarbon coatings and with plasma pol ynerised (PP)

fl uor opo ynmeksmtesiildns ot NTapArY iingivetes thepekfenciweardsobt trepellkensy to
the fabrics 1gvuththe' %ttral gerfornanceo o}thg i_ni shi trea nents
bei ng compaPabY e "Siibdfueht e fe4b e TUtHEer PRgs or“Tdry *8F e &

results in ardecseaseli nabepelirenepabuing kiig capebteerrce;eeteabti@eheﬂ aftEer a
heat treatnen rch pr.odu nol.ecul ar re rrent of t he fl uoropol yner
at the surttrgce T At er laceJccj %35 i'e %?H“Cﬁﬁ Sanples a{ lonE%etter anbi ent
drying re-orientatjon_than thgﬁtradbtr onal fllgts)rrngcarb n atings.. an argon
pl asma pr etreat‘rren]t Fror het " enhances” this repeﬁ“?en y recovery
per f or mbhceprlThis teﬂfyeletflrs@tzrcet atvetlet ohdshe ncredt¢eh mfchopet im0 ysarf ace
interface c I co m. Sl ener gy
required fo?gﬁﬁ%%%tﬁ\gléﬁe%ﬁar@g%?ggttat(?%ranr%%‘ln‘%gga%fg f%%g%n%&gf the treated
fabri cs hasrbeenrigharabberpset Bprsuefarencenbet Pvle mmwallyencal techni ques
such as XPSeand. Jfzh1lb-andh A deOehEask, Idiothe, SunfAGeablupsine content 25
clearly denbnstrate ynmer re-orientation after hot pressing is

denonst r at edlustogprkPS Bynishkesd nepease 4 matherses flaceskitaoei piel

concent [ati Qn,.ANa¥si.g+0f g%ﬁur@g_\e&g the plasma polynerised fabric
surface 1 ndi cat ed the | oss of and a decrease in sul phur and nitrogen

content sugggstdig %f?»grtl HSOIORQLY RRE Qveld.avakei S Mkl Bgstdies underlying
protein or Hercosett % ynmer. The ToF-SI M5 spectra of the PP fabrics al so

i ndi cat e t hEOPPREENCe P8 ERRraAEcIO8r PSR PR FEEr IEHBR B¢ Bngloes aghi! CHIPGPTY e
Hercosett trpeatechwnel shs paehine cwashabl e iandebhes 3R RPrtLgaldmNt cdoes not
affect this vital performance criteria. Interestingly the untreated wool
fabric shri ARSEDYR 63%FhI4EF el WOP2H19T D6 P56 PETFER2010/ 051619 37 with

r epeat eg Iaunderr ngs and the 4 eophobol and Fl uorepel coatings do nat
affect this Pevetit Pél £ing EHAPARAGES 1% T6GHET aSte (e FREBHGBEYy REr PP
treat ment sicgai fiLantibyal ed@rceﬁtetnheateﬂtmﬁ@cahbbngagﬁqev&ea@ﬂreameof t he
fluorocarbon treatments 5 on the tensile strength of the.fabrics i

mar gi nal , WHFFE tHE RESLFandlysi $76f "t FPA6Y T ¢S5 T ridiCat 88 t'he W@IOZophobol
and Fl uorepelthim shesni ppasia sereaf abtd i Skilf Eenddrg,in Bleand@sly the PP

treatnment a ave a benefi ci effect on fabri andl e n the bl end
fabri co. 107HRE 501 GoloBr CrTABE Hanopht FTESTOR SIS0 e

det erm h@d, oas tescrliched im srpaedetal ¢h heldewweSt | lcarmanopattdra) es wer e
applied to a wool sanple before a fluoropol yners coating was added. The
shrinkage, water and oil 15 repellency, col our of the wool sanpl es and
KES- F anal y were then_tested. Th % wop| hotany,serge
(T90g/ 1) Wb s Ema Sa By i oy & o e v e M adrt spar et S

fl uorochem ca¢ Q@sulst@damsgﬂ@ophob@bl& A, 1T b@lcand the shrink proofing
pol ymer Synt hapret BAP was supplied by Bayer. The SDC ECE non- phosphat e
reference deterngent, without 0.B.A was used during was fastness tests.
251H, 1H, 2H, 2H hept adecal uor odecyl acrylate (H2C=CHCO2CH2CH2( DF2) 7CF3)

(FI uoro?:‘hem 98% puri ty further purified usi ng multiple freeze-thaw

Vo VoS o |

cycl es) was psedygs the freed ”U”L”éieééhdﬁ8§ Jrgfﬁgkéﬁgicttnpppsu TRg fabric
sanpl es were|padded w t h|adaatbdgont ai'ni ng 0] 3% on wei ght of fabric,

o.w.f., nanma?'ﬁ%ﬂ“@sit&nd? /1 i|so-TFeapetiol | atreEd®Awet pick up. FPPhe
di fferent sized nanopartilcf23 e shewyiin tabl @ dl;cThe padded fabrics
were dried at _100C for 2/mnutes |and then cured for 4 minutes at 140C| WO
2011/ 064562PCT/@EX3PeA051619 138 Rabri cl&anpl es wete treatedOwith the
"traditional —ftuorochenm cats using a pad-dry-cure nethod w th 18g/t
Synt hapret BAP, 24g/1 d eophobol SL-A, 0.3%on weight of fabric, o.wf.,
nanoparticles and 5ml/1 iso-propanol. 5 The pad bath was set at pH6-7,
using acetic acid, and the wet pick-up was 70% The padded fabrics were

dri ed at 100C for 2 m nut es and then cured for 4 m nut es at 140C 10 Fabric

o o oy . -




4-6 Snowtex 0 (0) 10-20 Snowtex OL (OL) 40-50 MP-1040 100 MP-4540 430 15

Tabl e 11 Nano-particle Size Range and Commer ci al
fabrics was determ ned using a 20P0agRat0NS1IHDOM 71P
Tabl e 12 shows the

shri nkagewof20tie4300|

with a standard 5A wash programme as descri bed above.

fabric shrinkage for the wool
different fluoropolyners coatings.

dyed and und

coated wt

silica nanoparticles with
The tests have been repeated for

f 1 uor opol ynme
of felting s
the effect o

different trg
Treat nent &
Untreated 29

A(SL) 51.1 O

Table 7 3M Water Repellency Analysis of Wool/Polyester Blend

Tradenanes The felting

bot h

ed sanples. 25 As can bhe seen in the results in table 6, the
s pt &&FR pollyneri satli on has the|benefdcial |ef féect|in& ediyction
1ringgggs WD 2011/ 064562PCT/ GB2010/ 051619 39 Table 12 shows
silica nangparticles on felting shrinkagelin conpination with
caf MEARPSES Eabric 1Tredt nentl0 % Area Shrd nkage 51X 5A Fabri¢
Pl asngp®ol yneri sation % Area Shrinkage 5 X|5A Untreated 60.4
2 Qanhaprpf BAP (RAP) 41_9 Qynthaprpf BAPI N/ D (1=nphnhnl SL-
eophdBet SL{A 15. 3 Snéwt ex OS(4- Bnm) 57.2 6
Cycles
5 Washes & 1 9 9 10 10
HP
3 Dry Clean 1 4 3 10 10
Cycle
3 Dry Clean 1 8 6 10 10
& HP

Fabric (40/60, Solid Polyester Filaments)
After- Oleophobol Fluorepel FPP Ar &
Scoured
Treatments Treated Treated FPP
Fabric
Fabric Fabric
Original 1 10 10 10 10
3 Wash 1 5 5 4 6
Cycles
3 Washes & 1 10 9 10 10
HP*
5 Wash 1 5 5 2 6
Cycles
5 Washes & 1 9 9 9 10
HP
3 Dry Clean 1 3 2 9 10
Cycle
3 Dry Clean 1 5 5 9 9
& HP
5
Table 8. 3M Water Repellency Analysis of Wool/Polyester Blend
Fabric (40/60, Hollow Polyester Filaments)



Snowt ex OS(4- 6nn) 20.6 Snowtex 0(10- 20nm 56.2 Snow ex 0(10- 20nm 23.1
Snowt ex OL (40-50nm 55.0 Snowtex O.(40- 50nm 13.9 MP-1040 (100nm 60.0
MP- 1040( WOrm1/ib2360 MP- 4540 (430nn) 58.1 MP-4540(430nn) PLe/@B2010/05810W ex OS
+ BAP 42.9 Snowtex OS + BAP 12.7 Snowtex 0 + BAP 38.4 Snowtex 0 + BAP 15.2
Snowt ex OL + BAP 34.9 Snowtex OL + BAP 27,1 MP-1040 + BAP 35.4 MP-1040 +
BAP 26.5 MP-4540 + BAP 35.5 MP-4540 + BAP 8.0

After- Oleophobol Fluorepel FPP Ar &
Scoured
Treatments Treated Treated FPP
Fabric
Fabric Fabric
Original 0 8 8 8 8
3 Wash 0 0 0 5 5
Cycles
3 Washes & 0 8 7 7 7
HP*
5 Wash 0 0 0 2 3
Cycles
5 Washes & 0 7 7 7 7
HP
3 Dry Clean 0 2 1 7 7
Cycle
3 Dry Clean 0 7 4 7 8
& HP

Table 9 3M 0il Repellency Analysis of Wool/Polyester Blend

Fabric (40/60, Solid Polyester Filaments)

After-

Treatments

Scoured

Fabric

Oleophobol
Treated

Fabric

Fluorepel
Treated

Fabric

FPP

Ar &
FPP

Original

8

8

3 Wash

Cycles

0

0

3 Washes &
HP*

5 Wash

Cycles

5 Washes &
HP




Snowtex OS + SL 53.2 Snowtex OS + SL 14.9 Snowtex O + SL 55.5 Snowex 0O +
SL 22.5 WD 2011/ 064562PCT/ GB2010/ 051619 40 Snowtex OL + SL 51.4 Snowtex COL
+ SL 17. AWDReI@s62 SL 52.4 MP-1040 + SL 20.0 MP-4540 +PSBI/dBR0W/09R14540 +
SL 17.8 Snowtex OS + BAP + SL 33.1 Snowex OS + BAP + SL 19.5 Snowtex O
+ BAP + SL 32.5 Snowtex O + BAP + SL 12.0,Snowtex OL + BAP + SL 31.5
Snowtex OL + BAP + SL 11.1 MP-1040 + BAP

3 Dry Clean 0 0 0 7 7
Cycle

3 Dry Clean 0 4 5 8 8
& HP

Table 10 3M 0il Repellency Analysis of Wool/Polyester Blend

Fabric (40/60, Hollow Polyester Filaments)

Similar trends were observed with the wool/polyester blend
fabrics as with the pure wool although the decrease in water
repellency is less after aqueous washing and may be related to
the natural water repellency of the polyester blend component.
10 In contrast the water and o0il repellence performance after
repeated dry cleaning for the plasma treated blend fabric is
significantly better than the traditional fluorocarbon finished

fabrics.

15 Samples of Chlorine Hercosett treated fabrics with different
fluorocarbon treatments underwent surface analysis using both X-
ray photoelectron spectroscopy (XPS) and time of flight

secondary ion mass spectrometry (ToF-SIMS).

20 ToF-SIMS analyses were carried out using a PHI 7000 instrument
operating at a base pressure of less than 4.0x107° Torr. The
instrument was equipped with a reflectron analyser, a Cs' ion
source (8 keV; pulsed length 1.25 ns) and a pulsed electron
flood source (50-70 eV) for charge compensation. Both positive

25 and negative secondary ion mass spectra were acquired from areas
measuring 250 um x 250 pm over the mass range 0-2000. For each
sample analysis, the total primary ion dose was less than 1x10%
ions/cm?, which lies below the threshold value for static SIMS of
1x10* ions/cm’.

30
Studies of the Chlorine-Hercosett treated wool fabric indicates

the loss of the 18-methyleicosanoic acid signal at m/z = 3417 in



+ SL 29.1 MP-1040 + BAP + SL 15.9 MP-4540 + BAP + SL 33.9 MP-4540 + BAP +
SL 6.5 Tabl e 12. Felting Shrinkage of Fluorocarbon and Nano-particle
Treat ed Syvounude¥®el Fabrics 5 Exami nation of table 12 ipatiGERbBgstd1at

i ncorporation of the nanoparticles into the Synthapret BAP/ A eophobol SL-A
formul ati on does further reduce the feltwg shrinkage but this effect is
only fully devel oped after a subsequent uoropol yner 10 pl asna

pol ynmerisation. This effect may be due to the fluoropolynmer plasna coating
| ubri cati ngtPRe" SR dCe 1 PP ot R USRS SUSIHHTAA § O pIrasHR pof YT i§Phg t he
fluorocarbogcoyefod he napopanidzches thersdsenaclssignidiveant cdaduetion in
felting shrinkage. Sur%ri singly in general it appears the |arger

nanoparti cl 8¥hav¥E t-hd Thet 2er? &ffect"anl °trEG De T8 4€a7t¥ t he particl es
provi di ng aunstasskaf phrpretectdns cieehantisMmlenWD, bound hydrophilic 18-

2011/ 064562PCT/ GB2010/ 051619 41 The fabrjic sappl es. underwent the 3M wat er
repel | enty ARAMYSTSOIRECAATEE D [ O REPR |feﬁ?8yt}rg\ga?%‘“i‘§lc+ﬁé- rESHTES FOF
"traditionaknifid uoreear bommt+ eatsied sanplies apeadddtustieaten ive tablesd 13 and

14 and for gl as%tre ted sargéle in 1t[abl es 15 and, 16. Origi n]:I 5tV\ash
Oycles 5 Washed BHPOIYEYY TiearseyRte DA ereah €A Onfrearddtsio -2 2 2
BAP ND ND NDnNEhNDddteaphobeduction in the sulphur signal at m/z = 327 due

to the protein has reduced in intensity suggesting the polymer

10 coating has masked the underlying protein. Other species evident
in the ToF-SIMS negative ion spectrum are at m/z = 2657, 2937,
3117, 3257, and 339 .and are attributed to alkyl sulphates and
linear alkylbenzene sulphonates surfactants. In addition in the
positive ion spectrum there are softener signals detected at m/z

15 = 494" [N'(CHs), (Ci¢Hss )], 5227 [N'(CH3), (CigHss ) (CieHsz7 )], and
550" [N'(CHs), (CigHaz )2].

Examination of the plasma polymerised treated wool indicates a
strong signal at m/z = 19° due to F~ in the negative ion spectrum

20 and in the positive ion spectrum a complex polymer fragmentation
pattern is observed and reflects the heterogeneity of the
polymer polymerisation process for heptadecafluorodecyl
acrylate. During the plasma process the monomer may undergo
fragmentation and re-formation processes giving rise to a

25 complex polymer structure. Nevertheless a series of
characteristic positive ions are evident: C3Fs' C3FsH,' C4Fs' CsF;',

C5F9+, C7F13+, C8F17+, C8F17CH2CH2+, C10F15H2+ etc.

XP spectra were obtained using a Kratos Axis Ultra XPS
30 instrument with an Al Ko-alpha x-ray source. The samples
(300x800 pum) were attached to sample bar with double sided
adhesive. Wide scan spectra were recorded at a 80 eV pass
energy. High resolution spectra in the S(2p), C(ls), N{(ls),
O(ls), and F(ls) regions were obtained at a 20 eV pass energy.
35 To overcome the insulation problems of textile fibres during the

analyses, the charge neutraliser flood gun provided a constant



10 2 7 2 6 Snowmtex OS W2 2 2 2 Shomtex O W2 2 1 2 Snomtex OL W2 2
2 2 MP-1040 W2 2 2 2 MP-4540 1 2 2 2 2 S+ BAP 1222
WO 2011/064562 PCT/GB2010/051619
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stream of electrons in order to neutralize the charge build up.
Binding energy values were calculated relative to the C(ls)
photoelectron peak at 285.0 eV. The samples surface elemental
composition and atomic ratios were obtained by Casa XPS software

5 and Wagner’s sensitivity factors.

The results of the XPS analysis are shown in table 3.

Treatment Atomic Composition (%)
Fluorine
Untreated 0.5
Oleophobol Treated¥* 36.9
Oleophobol
3 x Wash Cycles 299
Oleophobol 3 x Wash Cycles &
Hot Pressed 387
Oleophobol
13.6
Flat Abraded*
Fluoro-Plasma Polymerised
(FEE) 43.8
FPP 3 Wash Cycles 19.7
FPP 3 Wash Cycles & Hot
Pressed 387
FPP 5 Wash Cycles 10.8
FPP 5 Wash Cycles & Hot
Pressed 4.2
FPP Flat Abraded* 6.9
FPP Flat Abraded* & Hot
Pressed oot
Argon Plasma (AR)
46.8
Pre-treated & FPP
AR & FPP 3 Wash Cycles 30.6




20+BAP 122220 +BAP12 222 MP-1040+ BAP 2 2 2 2 2 NMP-4540+ BAP

22222 S+SL624220+SL926220+SL102922
MP- 1040 WO 2011/064562 PCT/GB2010/051619
32
AR & FPP 3 Wash Cycles & Hot
Pressed >t-0
AR & FPP 5 Wash Cycles 18.1
AR & FPP 5 Wash Cycles & Hot
Pressed 0.0
AR & FPP Flat Abraded* 15.4
AR & FPP Flat Abraded* & Hot
Pressed te-7

*: Treated sample after flat abrasion for 3000 rubs.

Table 3 XPS Surface Elemental Composition of Fluorocarbon

5 Treated Chlorine-Hercosett Wool Fabrics

The XPS (X-ray photoelectron spectroscopy) data of the plasma
treated sample indicates obvious incorporation of fluorocarbon
into the surface of the fibre with the fluorine content

10  increasing up to 47%, when an argon pretreatment is used.

It is evident that following washing, dry cleaning and flat
abrasion the surface fluorine decreases but subsequent heat
treatments bring about the fluoropolymer re-orientation.

15
The argon plasma treated samples also exhibited this behaviour
even though the water and o0il repellency performance of the
laundered, and not heated, samples showed only a relatively
small reduction in repellency performance.

20 Interestingly the XPS spectra of the fluoropolymer PP fabrics
shows an absence of surface nitrogen suggesting a surface
fluorocarbon overlayer masking the nitrogen containing Hercosett

polymer.

25 The tensile properties of the fabrics were determined according
to the BS 13934-1:1999 test method on an Instron model 5564,
with gauge length of 100 mm, crosshead speed of 50mm/min, and

each value presented is the average of 10 measurements.



SL 10 2 6 2 2 MP-4540 + SL 10 2 7 2 4 oS +BAP+7 2423 W
2011/ 064562PCT/ GB2010/ 051619 42 SL 0O+ BAP + SL 10 2 6 2 5 OL + BAP+
SL 10 2 ‘A0 20116435040+ BAP + SL 9 2 PCT/GB2010/051619

10

15

33

The influence of the treatments on the fabric’s mechanical
(handle) properties both before and after treatment was
objectively assessed using the Kawabata Evaluation System (KES).
The 20x20cm samples were conditioned at 20°C and 65% R.H.
(Relative Humidity) prior to testing the tensile, shear, and

bending properties.

Table 4 shows the tensile strength of wool fabrics treated with
plasma and fluorocarbons, whilst table 5 shows the results for
KES-F analysis of the selected mechanical properties of the

Chlorine Hercosett treated wool fabrics.

Treatment Ar Plasma Time Tensile Strength
(Minutes) (kN/m)

Scoured - 6.8 £ 0.11
Oleophobol SL-A - 6.8+0.22
Fluorepel OWS - 6.7+£0.20

Argon Plasma 1 6.7 £ 0.19
Pre-treatment 2 7.0 £ 0.14

4 7.3 £ 0.16

8 7.3 £ 0.16

Argon Plasma 0 6.8 £ 0.10
Pre-treatment + 1 6.5 £ 0.14

FPP 2 6.7 £ 0.19

4 7.1 £ 0.29

8 7.0 £ 0.10

Table 4 Tensile Strength of Wool Fabrics Treated with Plasma and Fluorocarbons

Scou | Oleophobo | Fluorap AR Pre- AR & FPP
red 1 el Treat

lmin | 2min | Omin 1lmin 2min




7 2 7 MP-4540 + BAP + SL 10 2 8 3 7 Table 13. 3M Water Repellency Analysis
of Fl uorocarbon Treated Untreated Wol Fabrics. Oiginal 5 Wash Cycles 5
Washes & WD 2811Dwys62] ean Cycle 3 Dry C ean & HP Untreat edCO/GB201005061BAP ND

ND ND ND ND O eophobol 8 0 5 0 7 Snowtex OS 0O 0 0 O O Snowmex O
34
EMT | 7.51 7.71 7.07 8.30 | 8.06 | 7.86 7.59 8.22
LT | 0.49 0.47 (0.47 | 0.48 0.47 0.46
0.550 0.573
1 1 3 4 9 0
WT | 8.92 10.23 9.77 9.5019.38| 9.28 8.94 9.22
RT 04.6 9.0 72.1| 69.4 71.3 70.1
©65.29 ©3.04
4 4 1 ) 1 4
B 0.07 0.0910.091] 0.09 0.09 0.09
0.078 0.084
77 9 5 1 0 2
2HB | 0.02 0.0410.03] 0.03 0.03 0.04
0.042 0.037
68 0 7 95 71 42
G 0.33 0.306 0.41 0.45 1 0.40 | 0.42 0.306 0.38
2HG | 0.95
5 0.92 1.00 1.3811.03 | 1.14 0.94 0.94
*EMT - Extensibility; LT - Tensile Linearity; WT - Tensile Work;

10

15

20

RT - Tensile Resilience;

Hysteresis;

B - Bending Rigidity;

G — Shear Stiffness; 2HG5 — Shear Hysteresis at 5°

2HB - Bending

Table 5 KES-F Analysis of the Selected Mechanical Properties of

the Chlorine Hercosett Treated Wool Fabrics

The effect of the fluorocarbon treatments on the fabric tensile

strength is marginal,

although interestingly there is a small

improvement in strength for some of the argon plasma treated

samples which may be related to increased surface friction.

On plasma polymerising the fluoropolymer onto the fibre surface
the lubricating effect of the fluorocarbon surface coating

reduces the tensile strength. This lubricating effect is also

observed in the KES-F data where the shear hysteresis at 5°,

2HG5, decreases from 1.38 to 0.94, similar to the untreated

sample (see table 5). 2HGS5 is a measure of interyarn friction

and any damage to the wool surface increases the value, whilst
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conversely any lubrication reduces the value. Overall the
fluorocarbon treatments produce a marginal stiffening of the

fabric handle.

The felting shrinkage of the wool fabrics was determined using a

Wascator FOM 71P, with a standard 5A wash programme. Fabric
shrinkage was determined after each wash cycle by measuring the
new fabric area and comparing it with the initial area value.
The fabric samples were dry cleaned in accordance with the BS EN
and their

ISO 3175:1998 test method, by PPT Company, Ambergate,

repellency properties were determined after 1 and 3 cycles. The
results are shown in table 6.
Fabric Treatment % Area Shrinkage
1 X 5a 2 X 5a 3 X 5A 4 X 5A 5 X 5a
Scoured & Undyed 24.8 40.3 53.6 59.6 63.4
Oleophobol SL-A 12.0 34.7 50.6 60.5 63.7
Fluorepel OWS 7.3 29.2 47.8 51.9 59.0
FPP -2.5 0.0 4.4 12.3 14.6
Scoured & Dyed 3.3 4.6 6.3 11.6 12.3
Oleophobol SL-A 3.8 3.8 7.9 11.4 12.4
Fluorepel OWS 1.3 2.5 8.7 12.5 14.1
FPP 0.1 0.5 5.1 4.2 3.3

Table 6 Felting Shrinkage of Fluorocarbon Treated Scoured Wool

Fabrics

While the Chlorine/Hercosett treated wool fabric is machine

washable and will not shrink,

untreated wool will shrink

extensively depending on fabric structure and processing.

Examination of Table 6 indicates the untreated wool fabric

shrinks progressively up to 63.4% area shrinkage after 5x5A wash

cycles.

The traditional fluorocarbon coatings have no beneficial

cS
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effect in reducing felting but in contrast the fluoro-monomer
plasma polymerised wool sample has much lower felting shrinkage.
The reduction in felting is very encouraging and potentially
creates an opportunity to achieve a dual effect of combined

5 liquid repellency and machine washability.

Treatment of wool fabrics with traditional fluorocarbon coatings
and with plasma polymerised (PP) fluoropolymers results in
imparting water repellency and oil repellency to the fabrics

10 with the initial performance of both finishing treatments being
comparable. Subsequent repeated launderings or dry clean cycles
results in a decrease in repellency but this can be re-
established after a heat treatment which produces molecular re-
orientation of the fluoropolymer at the surface interface.

15
While the PP samples offer better ambient drying re-orientation
than the traditional fluorocarbon coatings, an argon plasma pre-
treatment prior to PP further enhances this repellency recovery
performance. This effect is related to the creation of optimum

20 surface interface chemistry with the plasma coating and
minimising the energy required for fluoropolymers re-
orientation. The outer 1-10nms of the treated fabrics has been
characterised by surface sensitive analytical techniques such as
XPS and ToF-3IMS and an increase in the surface fluorine content

25 clearly demonstrated. Polymer re-orientation after hot pressing
is demonstrated using XPS by the increase in the surface
fluorine concentration. Analysis of the surface of the plasma
polymerised fabric surface indicated the loss of 19-MEA and a
decrease in sulphur and nitrogen content suggesting a

30 fluoropolymer overlayer is masking the underlying protein or
Hercosett polymer. The ToF-SIMS spectra of the PP fabrics also

indicate the presence of characteristic perfluoro ions.

The Chlorine Hercosett treated wool is machine washable and the
35 PP treatment does not affect this vital performance criteria.

Interestingly the untreated wool fabric shrinks by 63% in area



CS+BAP + SL6 00010+BAP+SL804050.+BAP+SL70506
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with repeated launderings and the Oleophobol and Fluorepel
coatings do not affect this level of felting shrinkage. In
contrast the fluoropolymer PP treatment significantly reduces
the felting shrinkage. The effect of the fluorocarbon treatments

5 on the tensile strength of the fabrics is marginal, while the
KES-F analysis of the fabrics indicated the Oleophobol and
Fluorepel finishes impart some fabric stiffening, in contrast
the PP treatment appears to have a beneficial effect on fabric
handle on the blend fabrics.

10
The effect of silica nanoparticles on the wool was also
determined, as described in more detail below. Silica
nanoparticles were applied to a wool sample before a
fluoropolymers coating was added. The shrinkage, water and oil

15 repellency, colour of the wool samples and KES-F analysis were

then tested.

The wool sample was 100% wool botany serge (190g/m2) was
supplied by Whaleys, Bradford. The ‘traditional’ fluorochemical
20 used was Oleophobol SL-A 0, Ciba and the shrink proofing polymer
Synthapret BAP was supplied by Bayer. The SDC ECE non-phosphate
reference determgent, without 0.B.A, was used during was

fastness tests.

25 1H,1H, 2H, 2H-heptadecaluorodecyl acrylate
(H2C=CHCO2CH2CHZ2 (DF2) 7CF3) (Fluorochem, 98% purity, further
purified using multiple freeze-thaw cycles) was used as the feed

monomer in the plasma reactor.

30 The fabric samples were padded with a bath containing 0.3% on
weight of fabric, o.w.f., nanoparticles and 5ml/1 iso-propanol,
at 70% wet pick up. The different sized nanoparticles are shown
in table 11. The padded fabrics were dried at 100°C for 2

minutes and then cured for 4 minutes at 140°C.

35
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Fabric samples were treated with the ‘traditional’
fluorochemicals using a pad-dry-cure method with 18g/1
Synthapret BAP, 24g/1 Oleophobol SL-2&, 0.3% on weight of fabric,

o.w.f., nanoparticles and 5ml/1 iso-propanol.

The pad bath was set at pH6-7, using acetic acid, and the wet
pick-up was 70%. The padded fabrics were dried at 100°C for 2

minutes and then cured for 4 minutes at 140°C.

10 Fabric samples were also treated by plasma polymerisation as

described above.

Nano-particle Tradename Particle Size (nm)
(Nissan)
Snowtex 0SS (0S) 4-6
Snowtex O (0O) 10-20
Snowtex OL (OL) 40-50
MP-1040 100
MP-4540 430

15

Table 11 Nano-particle Size Range and Commercial Tradenames

The felting shrinkage of the wool fabrics was determined using a
20 Wascoator FOM 71P, with a standard 5A wash programme as
described above. Table 12 shows the fabric shrinkage for the
wool coated with silica nanoparticles with different
fluoropolymers coatings. The tests have been repeated for both

dyed and undyed samples.
25

As can be seen in the results in table 6, the fluoropolymers
plasma polymerisation has the beneficial effect in reduction of

felting shrinkage.
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Table 12 shows the effect of silica nanoparticles on felting

shrinkage in combination with different treatments.

Fabric % Area Fabric Treatment % Area
Treatment Shrinkage & Plasma Shrinkage
5 X 5A Polymerisation 5 X 5A
Untreated 60.4 Untreated 29.2
Synthapret BAP 41.9 Synthapret BAP N/D
(BAP)
Oleophobol SL- 51.1 Oleophobol SL-A 15.3
A (SL)
Snowtex 0SS (4- 57.2 Snowtex 0SS (4- 20.6
onm) onm)
Snowtex O (10- 56.2 Snowtex O (10- 23.1
20nm) 20nm)
Snowtex OL 55.0 Snowtex OL (40- 13.9
(40-50nm) 50nm)
MP-1040 60.0 MP-1040 (100nm) 12.0
(100nm)
MP-4540 58.1 MP-4540 (430nm) 16.6
(430nm)
Snowtex OS + 42.9 Snowtex OS + BAP 12.7
BAP
Snowtex O + 38.4 Snowtex O + BAP 15.2
BAP
Snowtex OL + 34.9 Snowtex OL + BAP 27.1
BAP
MP-1040 + BAP 35.4 MP-1040 + BAP 26.5
MP-4540 + BAP 35.5 MP-4540 + BAP 8.0
Snowtex OS + 53.2 Snowtex 0OS + SL 14.9
SL
Snowtex O + SL 55.5 Snowtex O + SL 22.5
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+ SL 10 3 979 CS + BAP + SL 10 2 10 9 10 O + BAP + SL 10 2 10 8 10
OL + BAPwWEL11M62569 PCT/GB2010/051619
40
Snowtex OL + 51.4 Snowtex OL + SL 17.4
SL
MP-1040 + SL 52.4 MP-1040 + SL 20.0
MP-4540 + SL 54.7 MP-4540 + SL 17.8
Snowtex OS + 33.1 Snowtex OS + BAP 19.5
BAP + SL + SL
Snowtex O + 32.5 Snowtex O + BAP + 12.0
BAP + SL SL
Snowtex OL + 31.5 Snowtex OL + BAP 11.1
BAP + SL + SL
MP-1040 + BAP 29.1 MP-1040 + BAP + 15.9
+ SL SL
MP-4540 + BAP 33.9 MP-4540 + BAP + 6.5
+ SL SL

Table 12. Felting Shrinkage of Fluorocarbon and Nano-particle

Treated Scoured Wool Fabrics

Examination of table 12 indicates that incorporation of the
nanoparticles into the Synthapret BAP/Oleophobol SL-A
formulation does further reduce the felting shrinkage but this
effect is only fully developed after a subsequent fluoropolymer

10 plasma polymerisation.

This effect may be due to the fluoropolymer plasma coating
lubricating the surface protrusions. Similarly on plasma
polymerising the fluorocarbon over the nanoparticles there is a
15 significant reduction in felting shrinkage. Surprisingly in
general it appears the larger nanoparticles have the better
effect and it may be related to the particles providing a stand

off protective mechanism.
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15. 3M Water Repell ency Anal ysis of Nanoparticle & Fluoropolyner Plasna
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The fabric samples underwent the 3M water repellency analysis
and AATCC 0il Repellency Analysis. The results for ‘traditional’
fluorocarbon treated samples are illustrated in tables 13 and 14

and for plasma treated sample in tables 15 and 16.

5
Original 5 Wash 5 Washes 3 Dry 3 Dry
Cycles & HP Clean Clean &
Cycle HP
Untreated 2 0 2 2 2
BAP ND ND ND ND ND
Oleophobol 10 2 7 2 6
Snowtex OS W 2 2 2 2
Snowtex O W 2 2 1 2
Snowtex OL W 2 2 2 2
MP-1040 W 2 2 2 2
MP-4540 1 2 2 2 2
OS + BAP 1 2 2 2 2
O + BAP 1 2 2 2 2
OL + BAP 1 2 2 2 2
MP-1040 + 2 2 2 2 2
BAP
MP-4540 + 2 2 2 2 2
BAP
0S + SL 6 2 4 2 2
O + SL 9 2 6 2 2
OL + SL 10 2 9 2 2
MP-1040 + 10 2 6 2 2
SL
MP-4540 + 10 2 7 2 4
SL
OS + BAP + 7 2 4 2 3




7 Showmtex OS 7 0 3 7 7 Snomtex 0O 7 05 7 7 Shomtex O 7 2 7 7 7

MP-1040 7 2 7 7 5 MP-4540 8 2 7 7 7 G +BAP 707770+ BAP 71
WO 2011/064562 PCT/GB2010/051619
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SL

O + BAP + 10 2 6 2 5
SL

OL + BAP+ 10 2 7 2 7
SL

MP-1040 + 9 2 7 2 7

BAP + SL

MP-4540 + 10 2 8 3 7

BAP + SL

Table 13. 3M Water Repellency Analysis of Fluorocarbon Treated

Untreated Wool Fabrics.

5
Original | 5 Wash 5 Washes | 3 Dry 3 Dry
Cycles & HP Clean Clean &
Cycle HP
Untreated 0 0 0 0 0
BAP ND ND ND ND ND
Oleophobol 8 0 5 0 7
Snowtex OS 0 0 0 0 0
Snowtex O 0 0 0 0 0
Snowtex OL 0 0 0 0 0
MP-1040 0 0 0 0 0
MP-4540 0 0 0 0 0
OS + BAP 0 0 0 0 0
O + BAP 0 0 0 0 0
OL + BAP 0 0 0 0 0
MP-1040 + 0 0 0 0 0
BAP
MP-4540 + 0 0 0 0 0
BAP




777 O +BAP 717 7 7 MP-1040+ BAP 7 1 7 7 7 MP-4540+ BAP 7 0 7 7 7
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OS + SL 5 0 0 0 0
O + SL 7 0 6 0 0
OL + SL 8 0 8 0 0
MP-1040 + 7 0 5 0 0
SL
MP-4540 + 8 0 5 0 1
SL
OS + BAP + 6 0 0 0 1
SL
O + BAP + 8 0 4 0 5
SL
OL + BAP+ 7 0 5 0 6
SL
MP-1040 + 7 0 5 0 6
BAP + SL
MP-4540 + 7 0 5 0 7
BAP + SL

Table 14. AATCC Oil Repellency Analysis of Fluorocarbon Treated

Untreated Wool Fabrics.

Original | 5 Wash 5 Washes | 3 Dry 3 Dry
Cycles & HP Clean Clean &
Cycle HP

Untreated 10 2 ° 10 10
BAP ND ND ND ND ND
Oleophobol 10 3 10 4 9
Snowtex OS 10 2 5 7 8
Snowtex O 10 2 6 7 7
Snowtex OL 10 2 9 9 10




5 7 MP-4540+ SL 7 0 7 5 7 oS+ BAP+SL707 770+ BAP + SL
77 O + BAP+ SL 707 7 7 MP-1040+ 8 1 7 7 7 WO

2011/ 064580RaM/0GIEB210/ 051619 46 BAP + SL MP- 4540+ PCT/GB2010/051619
44
MP-1040 9 3 9 8 7
MP-4540 10 4 10 8 10
OS + BAP 10 2 9 9 10
O + BAP 10 3 9 9 10
OL + BAP 10 3 9 9 10
MP-1040 + 10 3 10 9 10
BAP
MP-4540 + 10 3 9 9 10
BAP
0S + SL 10 2 10 9 10
O + SL 10 3 10 9 10
OL + SL 10 2 10 8 10
MP-1040 + 10 2 9 7 9
SL
MP-4540 + 10 3 9 7 9
SL
OS + BAP + 10 2 10 9 10
SL
O + BAP + 10 2 10 8 10
SL
OL + BAP+ 10 2 9 9 10
SL
MP-1040 + 10 3 10 8 9
BAP + SL
MP-4540 + 10 3 9 8 9
BAP + SL

Table 15. 3M Water Repellency Analysis of Nanoparticle &

Fluoropolymer Plasma Polymerised Wool Fabrics.

Original 5 Wash 5 Washes 3 Dry 3 Dry




BAP + SL 8 1

A eophobol
ef f ect

SL,

777

Tabl e 16. AATCC Q|
Nanoparticle & 5 Fl uoropol yner
of the waweroand4ssi|

Fabri cs.

Repel | ency Anal ysis of
Pl asma Pol yneri sed Wol
repel | ency performance of the fabriPCS/CH2010/0MSE9
nanoparticles incorporated into the traditional
indicated that the 10 nangp
in inproving the repellency perfornmance.

fl uorocarbon finish,
articles have relatively little
Simlarly the effect of

Exam nati on

i ncorporating_the nanoparticles into the fluoropolyners plas
pol ymeri sati on system i g margi nal| eX¥&¥s f or #hBPsanpl eteathen € K asma
polynmerisation is directlly onto nanoparticle al ong preeysrat ed 1gpabric
(highlightedlin tables) | The fabric colourlwas neasuyred using a Datacol or
Ref I ect ance SpBREFeARS6t dretef. The safples|were triple fbl ded and an
average of four vgdgied USed 0 prpovi g thelmeagp The regwi ts |ar enp
20i llustrated _in tables |17 and 18, Fabric Treatnent \Witeness | ndex (WD)
AW D Yel | onne£derrieRe¥ YI D) AYID Untreéated|-10.7 0 26.9 ® Synthaptet BAP ND
ND Qd eophobot—St=A =105 0.2 26.2 -0.7 Snowtex OS(4- onnmy -10.91-0.1
26.6 -0.3 Snowtex 0(10- [20nm -10.9 -0.2 26.6 -0.3
Snowtex OS 7 0 3 7 7
Snowtex O 7 0 5 7 7
Snowtex OL 7 2 7 7 7
MP-1040 7 2 7 7 5
MP-4540 8 2 7 7 7
OS + BAP 7 0 7 7 7
O + BAP 7 1 7 7 7
OL + BAP 7 1 7 7 7
MP-1040 + 7 1 7 7 7
BAP
MP-4540 + 7 0 7 7 7
BAP
0S + SL 7 0 7 7 7
0 + SL 7 1 7 7 7
OL + SL 7 0 7 7 7
MP-1040 + 7 0 7 5 7
SL
MP-4540 + 7 0 7 5 7
SL
OS + BAP + 7 0 7 7 7
SL
O + BAP + 7 0 7 7 7
SL
OL + BAP+ 7 0 7 7 7
SL
MP-1040 + 8 1 7 7 7




Snowt ex COL(40- 50nm -6,4 4.3 24.1 -2.8 WO 2011/ 064562PCT/ GB2010/ 051619 47
MP-1040(100nm) -4.7 6.0 23.3 -3.5 MP-4540(430nm -1.7 9.1 21.9 -5.0

Snowt ex O8OR0BAIB45620.5 0.2 26.4 -0.5 Snowtex 0 + BAP - 1PC4/GE2010/B6a18 -0. 1
Snomtex CL + BAP -10,7 0.0 26.6 -0.3 MP-1040 + BAP -11.1 -0.4 26.7 -0.2

MP-4540 + BAP -8.8 1.9 25.5 -1.4
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BAP + SL

MP-4540 + 8 1 7 7 7
BAP + SL

Table 16. AATCC Oil Repellency Analysis of Nanoparticle &
Fluoropolymer Plasma Polymerised Wool Fabrics.

Examination of the water and oil repellency performance of the
fabrics with the nanoparticles incorporated into the traditional
fluorocarbon finish, Oleophobol SL, indicated that the
nanoparticles have relatively little effect in improving the
repellency performance. Similarly the effect of incorporating
the nanoparticles into the fluoropolymers plasma polymerisation
system is marginal except for the samples where the plasma
polymerisation is directly onto nanoparticle along pre-treated

fabric (highlighted in tables).

The fabric colour was measured using a Datacolor Reflectance
Spectrophotometer. The samples were triple folded and an average
of four valued used to provide the mean. The results are

illustrated in tables 17 and 18.

Fabric Treatment Whiteness AWID Yellowness AYID
Index (WID) Index (YID)
Untreated -10.7 0 26.9 0
Synthapret BAP ND ND
Oleophobol SL-A -10.5 0.2 26.2 -0.7
Snowtex OS (4- -10.9 -0.1 26.6 -0.3
onm)
Snowtex O (10- -10.9 -0.2 26.6 -0.3
20nm)
Snowtex OL (40- -6,4 4.3 24.1 -2.8
50nm)




Snowtex OS + SL -13.7 -3.0 28.4 1.5 Snomex O + SL -13.9 -3.2 28.4 1.5
Snowtex OL + SL -12.1 -1.4 27.5 0.6 MP-1040 + SL -12.8 -2.1 27.9 1.0
MP- 4540 AWOI20111064%82-0. 2 26.9 0.0 Snowt ex OS + BAP PCHIGB20B/051612. 3 28. 0
1.1 Snowtex O + BAP + SL -12.5 -1.8 27.5 0.7 Snowtex OL + BAP+ SL -13.2
-2.5 28.0 1.1 MP-1040 + BAP + SL 47
MP-1040 (100nm) -4.7 6.0 23.3 -3.5
MP-4540 (430nm) -1.7 9.1 21.9 -5.0
Snowtex OS + BAP -10.5 0.2 26.4 -0.5
Snowtex O + BAP -11.4 -0.7 26.8 -0.1
Snowtex OL + BAP -10,7 0.0 26.6 -0.3
MP-1040 + BAP -11.1 -0.4 26.7 -0.2
MP-4540 + BAP -8.8 1.9 25.5 -1.4
Snowtex 0OS + SL -13.7 -3.0 28.4 1.5
Snowtex O + SL -13.9 -3.2 28.4 1.5
Snowtex OL + SL -12.1 -1.4 27.5 0.6
MP-1040 + SL -12.8 -2.1 27.9 1.0
MP-4540 + SL -11.0 -0.2 26.9 0.0
Snowtex OS + BAP -13.1 -2.3 28.0 1.1
+ SL
Snowtex O + BAP + -12.5 -1.8 27.5 0.7
SL
Snowtex OL + BAP+ -13.2 -2.5 28.0 1.1
SL
MP-1040 + BAP + -11.3 -0.5 27.0 -0.1
SL
MP-4540 + BAP + -11.4 -0.7 27.1 0.2
SL

Table 17. Whiteness & Yellowness Indices of Nanoparticle &

Fluorocarbon Treated Wool Fabrics.

Fabric Treatment Whiteness AWID Yellowness AYID
& Plasma Index (WID) Index (YID)

Polymerisation




-11.3 -0.5 27.0 -0.1 MP-4540 + BAP + SL -11.4 -0.7 27.1 0.2
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Untreated -10.4 0 26.5 O Synthapret BAP ND ND O eophobol SL-A -15.8 -5.4

(WD)
29.5 3.0

| ndex (YID)

Pol yneri sati on

Untreated -10.4 0 26.5 0
Synthapret BAP ND ND
Oleophobol SL-A -15.8 -5.4 29.5 3.0
Snowtex 0SS (4-6nm) -11.9 -1.5 27.2 0.7
Snowtex O (10- -10.6 -0.2 26.6 0.1
20nm)
Snowtex OL (40- -9,8 0.6 26.2 -0.3
50nm)
MP-1040 (100nm) -5.1 5.3 23.6 -2.9
MP-4540 (430nm) 1.3 11.7 20.6 -5.9
Snowtex OS + BAP -10.7 -0.3 26.4 -0.1
Snowtex O + BAP -11.7 -1.3 27.0 0.5
Snowtex OL + BAP -11,8 1.4 27.0 0.5
MP-1040 + BAP -10.8 -0.4 26.6 0.1
MP-4540 + BAP -10.0 0.4 26.1 -0.4
Snowtex 0SS + SL -11.7 -1.3 27.2 0.7
Snowtex O + SL -13.9 -3.5 28.4 1.9
Snowtex OL + SL -13.8 -3.4 28.3 1.8
MP-1040 + SL -14.5 -4.1 28.9 2.4
MP-4540 + SL -12.2 -1.8 27.5 1.0
Snowtex OS + BAP + -13.4 -3.0 28.2 1.7
SL
Snowtex O + BAP + -13.5 -3.1 28.1 1.6
SL
Snowtex OL + BAP+ -14.5 -4.1 28.8 2.3
SL
MP-1040 + BAP + SL -12.0 -1.6 27.2 0.7
MP-4540 + BAP + SL -11.8 -1.4 27.1 0.6




Snowmt ex OS(4-6nm -11.9 -1.5 27.2 0.7 Snowtex 0(10- 20nm -10.6 -0.2 26.6
0.1 Snowmex OL(40- 50nm) -9,8 0.6 26.2 -0.3 MP-1040(100nm -5.1 5.3 23.6
-2.9 MP-45000t30msep 1.3 11.7 20.6 -5.9 Snowt ex OS PCBAIB20100576190. 3
26.4 -0.1 Snowmtex O + BAP -11.7 -1.3 27.0 0.5 Snowtex O + BAP -11,8 1.4
27.0 0.5 WMP-1040 + BAP -10.8 49

Table 18. Whiteness & Yellowness Indices of Nanoparticle &

Fluoropolymer Plasma Polymerised Wool Fabrics.

The effect on fabric whiteness/yellowness of incorporating the

5 nanoparticles into the fabric structure is dependent on the
particle size. With the larger particle size there is an obvious
whitening effect and clearly this will impact on any coloured
products. In contrast with the smaller particle nanoparticles
the lightening effect is relatively small.

10
Finally the mechanical properties were also tested and the

results shown in table 19.

Fabric Treatment Bending Shear Shear
Rigidity Stiffness Hysteresis
B G at 5°, 2HG5
Untreated 0.1022 0.34 0.57
Synthapret BAP ND ND ND
Oleophobol SL-A 0.1046 0.35 0.67
Snowtex OL (40- 0.1084 0.36 1.10
50nm)
MP-1040 (100nm) 0.1008 0.34 0.96
MP-4540 (430nm) 0.0987 0.35 0.78
Snowtex OL + BAP+ 0.1027 0.34 0.59
SL
MP-1040 + BAP + SL 0.1020 0.35 0.52
MP-4540 + BAP + SL 0.1058 0.34 0.53
Fabric Treatment
& Plasma Polymerisation
Untreated 0.1063 0.34 0.86
Synthapret BAP ND ND ND
Oleophobol SL-A 0.1018 0.35 0.79




-0.4 26.6 0.1 MP-4540 + BAP -10.0 0.4 26.1 -0.4 Snowtex OS + SL -11.7
-1.3 27.2 0.7 Snomex O + SL -13.9 -3.5 28.4 1.9 Snowtex OL + SL -13.8 -3.4
28.3 1. 8 WB2004B4562SL -14.5 -4.1 28.9 2.4 MP-4540 + SL PLZ/GB20W/B1A%.5 1.0
Snowtex OS + BAP + SL -13.4 -3.0 28.2 1.7 Snowtex O + BAP + SL -13.5

50
Snowtex OL (40- 0.1073 0.37 1.52
50nm)
MP-1040 (100nm) 0.1022 0.39 1.54
MP-4540 (430nm) 0.1029 0.37 1.17
Snowtex OL + BAP+ 0.1028 0.34 0.70
SL
MP-1040 + BAP + SL 0.1141 0.36 0.86
MP-4540 + BAP + SL 0.1130 0.35 0.79

Table 19. KES-F Analysis of the Selected Mechanical Properties

of Nanoparticle & Fluoropolymer Plasma Polymerised Wool Fabrics.

5 The effect of the nanoparticles on the mechanical properties of
the treated fabric is wvariable. If applied alone or alone
followed by a plasma polymerisation process the 2HGS value (the
indicator of interyarn friction and softness) increases;
probably due to the protruding particles causing increased

10 frictional interaction. In contrast, if the nanoparticles are
incorporated with the shrinkproofing or water/oil repellent
finish, the mechanical properties are similar to the control

fabric.

15 The application of incorporation of nanoparticles into
fluorocarbon systems applied to wool fabric offers only marginal
benefits in terms of water and oil repellency but this
performance is improved with argon plasma pre-treatment. The
felting shrinkage of the wool fabric, particularly after plasma

20 polymerisation, is reduced by incorporating nanoparticles into
the coating and is probably related to a stand-off mechanism
where the fibre scales cannot engage. The effect of the
nanoparticles on fabric handle is variable depending on the
application condition. However, where the nanoparticles are

25 relatively “exposed” it appears the surface protrusions increase



-3.1 28.1 1.6 Snomex OL + BAP+ SL -14.5 -4.1 28.8 2.3 MP-1040 + BAP + SL
-12.0 -1.6 27.2 0.7 MP-4540 + BAP + SL -11.8 -1.4 27.1 0.6

W2011/ O6owbaRAMEABB2010/ 051619 49 Tabl e 18. Wit eness &P¥eEIdBRIMMIAS$61PNdi ces
of Nanoparticle & Fluoropolynmer Plasnma Pol yneri sed Whol Fabrics. The effect
on fabric whiteness/yellowness of incorpgrating the 5 nanoparticles into
the fabric structure is dependent on the particle size. Wth the | arger
particle size there is an obvious whitening effect and clearly this wll

i npact on arytebYVUr édipFoducts PPRSEERtTEASE cwi e the SEfafT @t YParticl e
nanoparticl esat becdd ghteni sgr efifreet bs 118l abinyghyr Simlsl is10n&idigl 1y the
mechani cal properties were also tested and the results shown in table 19.
Fabric TreafnERt’ BSYdithg & gitth SyoBS SHEHTS S FEhess [Geshedr MR ErFEsSi s at
5, 2HG Unt reahedhch022a 0038342 -5 FeSymd hapreroBAP MR NRDsAPigdeaphebol SL- A
0. 1046

5 the nanoparticles on the wool fabric.
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. 67 Snowt ex COL(40- 50nm) 0.1084 0.36 1.10 MP-1040(100nn) 0.1008
.96 MP-4540(430nm 0.0987 0.35 0.78 Snow ex CL + BAP+ SL 0. 1027
. 5oOVbReI0%@s62 BAP + SL 0.1020 0.35 0.52 MP-4540 +PBABROBI0S0612058
.53 Fabric Treatnent & Plasma Pol ynmerisation Untreated 0.1063
.86 Synthapret BAP ND ND ND O eophgbol SL-A 0.1018

Claims

1. A method of treating wool in the form of fibre, sliver,
5 yarn, fabric or garment comprising said fibre or vyarn, to
prevent shrinkage due to felting during laundering, the method

comprising applying a polymer coating by plasma polymerisation.

2. A method according to claim 1 wherein the polymer is a

10 fluoropolymer.

3. A method according to any of claims 1 or 2 wherein in a
preliminary step before the plasma polymerisation, a continuous
power plasma is applied in the presence of an inert gas.

15
4. A method according to claim 3, wherein the inert gas

comprises argon.

5. A method according to any one of the preceding claims
20 wherein the fibre, vyarn, sliver, fabric or garment undergoes a

pre-treatment to coat the fibre surface with a polymer.

6. A method according to claim 5 wherein the pre-treatment

comprises the Chlorine / Hercosett process.

25
7. A method according to any one claims 1 to 4, wherein the
method further comprises the application of silicon
nanoparticles to the fibre, vyarn, sliver, fabric or garment.
30 8. A method according to any one of the preceding claims

wherein the plasma comprises a monomeric compound which
undergoes plasma polymerisation to form a polymer, wherein the

monomeric compound is a compound of formula (I)



0.35 0.79 WO 2011/ 064562PCT/ GB2010/ 051619 50 Snowt ex COL(40- 50nm
0.1073 0.37 1.52 MP-1040(100nm 0.1022 0.39 1.54 MP-4540(430nm 0.1029 0. 37
1.17 Boawt 16462 + BAP+ SL 0. 1028 0.34 0.70 MP-1040 PCBAMB20108I1514191141
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Anal ysis of the Selected Mechanical Propegties of Nanoparticle &
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nanoparticles on the mechanical properties of the treated fabric is
vari able. I R'appliedRd one or alone followed by a plasma pol ynerisation
process the 2 | ue (the i ndi cat okl of interyarn friction and softness)
i ncr eases; P18 ably™>dye to the protruding particles causing increased

I
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interaction. In contrast, if the nanoparticles are

incorporated with the shrinkproofing or water/oil repellent finish, the
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sulphonamide group; or a group - (0):R°(0)4(CH,) .- where R° is aryl

optionally substituted by halo, p is 0 or 1, g is 0 or 1 and t

10 4is 0 or an integer of from 1 to 10, provided that where g is 1,

t is other than 0.

9. A method according to claim 8 wherein the compound of

formula (I) is a compound of formula (II)

15 CH,=CH-R’ (I1)

where R° is as defined above in relation to formula

(I), or the

compound of formula (I) is an acrylate of formula (III)

20 CH,=CR’*C (0) 0 (CH,) ,R® (IT1)

where n and R® as defined above in relation to formula (I) and

R’® is hydrogen, Ciio alkyl, or Ci.ighaloalkyl. 1In particular R'®

is hydrogen or Ci_¢alkyl such as methyl.

25
10. A method according to claim 9 wherein the compound of
formula (III) is a compound of formula (IV)
O
H (CF,)
- ~
>_27Low #x > CF, (Iv)
H R
30

where R’ is where R’ is hydrogen or alkyl, and x is an integer of

from 1 to 9.



nanoparticles on fabric handle is variable depending on the application
condi ti on. However, where the nanoparticles are 25 relatively "exposed" it
appear s tweurdeaise protrusions increase 51 interyarn PCraBomn/@nd9har shen
fabric handle. SEM anal ysis indicated the distribution of the nanoparticles
is uneven, either |located at the scale edges or within the fluoropolyners
film Argon plasma pre-treatnent inproves the distribution of 5 the
nanoparticles on the wool fabric. 52 Cains 1. A nethod of treating wool
in the formof fibre, sliver, 5 yarn, fabric or garnent conprising said
fibre or yann, ta peenventacsBrinkage dueihold elHdRgndurd ngpaundesi ng, the
nmet hod conpri sin %p%lylng a poléner coati hg b¥ pl asma _pol yneri sation. 2. A
met hod accorf8rRgTa o'l ait in 1 amhikrdir At heP [FSloyRer U 0 YOPFESt Ol yner. 3. A
met hod according to any of clains 1 or 2 wherein in a prelimnary step
before the Elasna ol ynerisation, a continuou ower ﬁlgsna is a @iied in
the prestnce’of An"FHert AGa8794%Y % *RYnBEho €of'di ng’ tO'EFaM T wherein
the inert gasacOPIdressasgDMmonomedicAcdigicdhod accer dindg rtoeanylomne of t he
precedi ng clains 20 ﬁpereLn %he fibrg, %/arn,_h sliver, fabric or arnen%
under goes aPPr&Tredtmeht ©Y of Toal PREVFT br &1SaFH AcE WTPHCES Hot SUNB. A
nmet hod accordi agcdnpoaindl 6t Stavheriel nvi he pre-treat ment conprises the
Chlorine / Hercosett process. 25 7. A method according to any one clains 1
to 4, wherein the method further conprises the application of silicon
nanoparticleﬁgto thev¢$hre, yarn, sliver, fabric or garnent. 30 8. A nethod
according to y one t he @wrecedi ng clains wherein the plasma conprises a
nonomneri c conp mhi§h:ugéergoes pl asma Kg}ynerisation to forma pol yner,
wherein the noneryg, Cconmpound i s a conpound’ of fornula (1) WD

2011/ 064%62RET/ GB2010/ 051619 R™ R3 (I) R4 where Rl, R2 and R3 are

i ndependently sel ected from hydrogen, al kyl, hal oal kyl or aryl optionally
substituted by halo; and R4 5 is a group -X-R5 where R5 is an al kyl or

hal oal kyl gwbapedtid X, &a BondR'a gnoup’ ofrd erliukade@@)kdL ] vasgroupdof

formula -C( Y. - e ,$ an_ int r_of 0 . and Y is a
sulphonanidg}gégﬁ%%£€fné g?%%paﬂ&%ébF@?%??%%EZ??-a%%%Eg%ﬁég?%ﬂéryI
optional | y substituiteedbbyhdbdio,ang Fsi§ ororidggnisg®um, drapde tcoh@osnd or an
i ntegerof from1 10 1Q;rprovided that where g is 1, t is other than 0. 9.
A nmet hod according to claim8 wherein the conpound of formula (1) is a
conpound of forrmula (11) 15CH2=CH R5(11) where R5 is as defined above in
relation to for k%ﬂé'), or the compound of formula (1) is an acryl ate of
formula (111) 2 =CR7aC (0) 0 (CH2) R5(I11) where n and R5 as defined
above in reldti fdtnmula (1) and R7a- is hydrogen, Cl1_10 al kyl, or

C I ohal oal kyl . ﬁé&ﬁrticular R7ai s hydrogen or Cl_6alkyl such as nethyl.
10. A nethod acd®drding to claim9 wherein the conmpound of forrmula (I111) is
a conpound 95 E rmula (I1V) 0 H>(CF) Ox CF 3 HR7 where R7 is where R7 is
hydr ogen or ar 8I, and x is an integer of from1l to 9.

20 where R', RY, R'™ R" and R*® are independently selected from
hydrogen, halogen, alkyl, haloalkyl or aryl optionally
substituted by halo; and R*' is a group X-R** where R’ is an alkyl
or haloalkyl group and X is a bond; a group of formula -
C(O)O(CH;),Y- where x is an integer of from 1 to 10 and Y is a

25 bond or a sulphonamide group; or a group _(o)pRB(O)S(CHﬂt_ where
R’ is aryl optionally substituted by halo, p is 0 or 1, s is 0
or 1 and t is 0 or an integer of from 1 to 10, provided that

where s is 1, t is other than 0, or a compound of formula (VIII)

30 Rr*M-c=C-xX'-r* (VIITI)



WO 2011/ 064562PCT/ GB2010/ 051619 54 11. A nethod according to claim 10
wherein the conmpound of fornmula (IV) is

1H, 1H, 2H,wB2hapsassecaf | uor odecyl acryl ate. 512. A net hodPatmB2diong1d10 any
one of clainms 1-7 wherein the plasna conprises a nononeric conpound which
under goes pl asma polymerisation to form g;polynmer, wherein the mononeric
conpound is a conpound of formula (V) where RB R9, R1l, R11, R1-2, and
R1-3 are all |nd%g endently sel ected from hydroge hal o, al kyl hanaIkyI

or aryl opt"8RaFIY stibStidraped BAAr ofY akieh X ls éa%ﬁ?%ﬁyln@rgﬁﬁhb, or a a
conmpound 15@efbtfexsamulasGWbt)tuRBrRILaRI9 WO R21  20where R16, R17, R8 R 9
and R2 are independently se|ected from hydrogen, hal ogen, al kyl, hal oal kyl
or aryl opt‘ordl FyPSbst eubPE DY hErs P ary is agroup X -R22 where R22
i s an al kyl roridaloalkyl, gfplpaandl %ot s:8/1bgneip o@ioup10y Soysmikated

C(0) O( )xY- where x is an integer of from1l to 10 and Y is a 25bond or a
sul phonami d&8YgPoLEor a group - (0)FR 23(0)3(CH2)t- where R23 is aryl
optionally substltuted by halo, pis Oor 1, sis Oor 1 andt is 0 or

i nteger of from provi ded that where other th

a conpound 6 fg) foﬁ*nﬂ?‘éh‘ici/ﬁccfrdw 01 £18695% P@Eéiﬁ?%ﬁ%f&aé‘%smﬂﬁr%

i's hydrogen;satkytmxbwckoamkykﬂahaboaéﬁgd1umbnaby&mmp1|anaﬂbw &iHsiirgat ed by
hal o; X is.a bon OF .a, rld roup, t [ gl yl,

cycl oal kyl oF afyi-r 8up optlonal AT stl FeHO% %ﬁaﬁgpol% @5 3. A net hod
accordi hg t puanyd onelofl. the preceding clainms which is carrled out in a

pl asma deposition chanber, a glow discharge is ignited within said chanber,
and a voltage applied as a 10pulsed field. 14. A nethod according to claim
13 wherein appl i ednyobtdgecbsdaty & powernoi3 fiutemednt apBOCW ve5isge Asret hod
according tq.c 3 _ar [ 4 rein the voltage is pulsed in a
sequence |ngah%iﬁﬂa%éogafg%ﬁjﬁn%hgwﬁﬁne on : time off is in the range of
from 1:500 to 1:1500. 16. A nmethod according to claim 15 wherein the
vol tageis puls p i r p and of f
for fron?loggps %oﬁgBégi%f§%9H§Q§qunﬁ §mtﬁ%§£aé§8?@.%§”?%9§§§ gﬁ% of
clains 13 t@oclBagshereirnlehe Volat agauescappl ivedchstle pultsedofitdled tamefor a
period of frgm 2530 segonds; och%orgh?yt@ﬁ £roh81: ApdmBiad;gggor di ng to any
one of the preceding clains wherein bre, yarn, sliver, fabric or
garnment conprises 100% wool. 30 19. A nethod according to any one of the
precedi ng Ch@'”BAMHé%ﬁ%J1AbQ%rEiQéQx>¥§%Bm 54 I MRIe i habld G, O sgar pent
conprises a wool / polyner blend. WO 2011/064562PCT/ GB2010/ 051619 56 from
said fiBle BPlyafnint 6 PEEURR SHPEARaBR HUE St 67 8P i iy *Quei ngd aiffdéPi ng.

21. Use acc n Lchai wherein the polynmer is a fluoro 5 polyner.

22. Use accg%g$ngﬂggla%§ g%e ‘claims 20 or 21 wherein the polynmer coating
is formed by exposing the fabrlc or ayarn fromwhich it is constructed to

conpri si ng @7QOHBQHQEkéH Jé%%ggﬁﬁg(ég a%g ong&%ﬁléhaim§4l3 to 16 wherein

the voltage is applied as a pulsed field at for a period of from

25 30 seconds to 90 minutes.

18. A method according to any one of the preceding claims
wherein the fibre, vyarn, sliver, fabric or garment comprises
100% wool.

30
19. A method according to any one of the preceding claims
wherein the fibre, vyarn, sliver, fabric or garment comprises a

wool / polymer blend.

35 20. Use of a polymer coating obtained by plasma polymerisation

on a wool containing fibre, varn, sliver, fabric or garment made



where R2, R2 and R3 are independently selected from hydrogen, alkyl,

hal oal kyl or aryl optionally substituted by halo; and R4 15 is a group X-R5
where R5 we 2an/mhiegl or hal oal kyl group and X i s a bondpca/gpoupsodiof or mul a

-C(0)0-, -C(0)0(CH2) Y- where n is an integer of from1l to 10 and Y is a
bond or a sul phonani de group; or a group.z(0)pR6(0)q(CH2)t- where R6 is
aryl optionally substituted by halo, pis Oor 1, gis Oor 1 andt is 0 or
an 20 integer of from1l to 10, provided that where g is 1, t is other than
0, for a suffPgiehtd 6éPF6dO%fY%rnn§OtBe%Hq%mﬁhélbkﬁ%%d¥FVéopB?%&ﬁﬂq c layer to
formon thegsurface whethegfabric or yarn. 23. Use of a polyner
coating obtained by plasma pol ynerisation 25 on a wool containing fibre,
yarn, sliver, fabric or garnment nade fromsaid fibre or yarn as a water
and/ or oil pepel beptacontding whi €lnidoes npdrdequneeppopted aunderivgro
ref reshi pg. 24. A wool containing fibre, yarn, sliver, fabric or
gar ment 30 RRUE$Fom said fibre or yarn, wherein the fibre, yarn, sliver
fabric or garnent has been treated according to the nethod of any of clains
1 to 19 to preveqt shrinkade due to felting during Laupdering, . ;.

polymer coating is formed by exposing the fabric or a yarn from

which it is constructed to comprising a compound of formula (I)

Z>:< ()
R R*

where R', R’ and R’ are independently selected from hydrogen,

10

alkyl, haloalkyl or aryl optionally substituted by halo; and R*
15 is a group X-R’ where R’ is an alkyl or haloalkyl group and X is
a bond; a group of formula -C(0)O0O-, -C(0)O(CH,) ,¥Y- where n is
an integer of from 1 to 10 and Y is a bond or a sulphonamide
group; Or a group —(O)ﬁ?(O)q(CHﬂt— where R° is aryl optionally
substituted by halo, p is 0 or 1, g is 0 or 1 and t is 0 or an
20 integer of from 1 to 10, provided that where g is 1, t is other
than 0, for a sufficient period of time to allow a protective

polymeric layer to form on the surface of the fabric or vyarn.

23. Use of a polymer coating obtained by plasma polymerisation
25 on a wool containing fibre, vyarn, sliver, fabric or garment made
from said fibre or yarn as a water and/or oil repellent coating

which does not require post laundering refreshing.

24. A wool containing fibre, varn, sliver, fabric or garment
30 made from said fibre or yarn, wherein the fibre, vyarn, sliver,

fabric or garment has been treated according to the method of

any of claims 1 to 19 to prevent shrinkage due to felting during

laundering.



